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[57] ABSTRACT
A. compound of formula (I):

R1
O R
Rz
N
© 7 Rs
Ra X

wherein:
X represents O, S or Hy,
R and R’ each represents hydrogen or together form
a bond,
Ri1,-R3, R3and Ry are as defined in the description.

useful in the treatment or prevention of disorders in-
volving oxidative processes.
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1
SUBSTITUTED BENZODIOXINS

The present invention relates to new substituted ben-
zodioxins, a process for their preparation, and pharma-
ceutical compositions containing them.

The literature provides numerous examples of substi-
tuted 1,4-benzodioxins which are used in various fields.

Patent EP-A-515941 describes 6-(pyrrol-2-yl)ben-
zodioxanes used as pesticides. Patent EP-A-520674 de-
scribes  N-amino-phenoxy-alkyl-2,3-dihydro-1,4-ben-
zodioxin-2-methanamine compounds which are dopa-
mine agonists.

In their work, (Farmatsiva (Sofia), 27, (§), 1-5,
(1977)), Velichkof et al. disclose a method of synthesis-
ing N-substituted 1,4-benzodioxane-2,3-dicarboxa-
mides.

The applicant has discovered that certain benzodiox-
ins substituted in the 2-position by a carboxamide, thi-
ocarboxamide or methyleneamine group possess antiox-
idant properties that are especially vailuable pharmaco-
logically.

The applicant has discovered new substituted ben-
zodioxins and their very valuable pharmacological
properties based on their ability to inhibit the oxidation
of lipids and, especially, lipoproteins.

The invention relates more especially to new substi-
tuted benzodioxins of the general formula (I):

R
O R
[ R3
E)
N
o 7 R4
Ko X

wherein:

(1)

R and R’ each represents hydrogen, in the case of

2,3-dihydrobenzodioxins, or together form a bond,
in the case of benzodioxins,

R 1 and Ry, which are the same or different, are each
seiected, independently of the other, from hydro-
gen, alkyl having from 1 to 6 carbon atoms in
straight or branched chain, hydroxy, alkoxy having
from 1 to 5 carbon atoms in straight or branched
chain, a group:

—~C-—Rs, andagroup -—Q—C-Rs,

| |

O O
wherein Rs is selected from alkyl having from 1 to
5 carbon atoms in straight or branched chain, op-
tionally substituted aryl selected from phenyl and
naphthyl, optionally substituted aralkyl selected
from phenyl and naphthyl attached to an alkyl
chain having from 1 to 4 carbon atoms, optionally
substituted heteroaryl selected from pyridyl, pyr-
rolyl, pyrazinyl, pyridazinyl, pyrimidinyl, quinolyl,
quinazolinyl and indolyl, and optionally substituted
heteroarylalkyl selected from the heteroaryl radi-
cals defined above attached to an alkyl chain hav-
ing from 1 to 4 carbon atoms,

R3 and R4, which are the same or different, are each
selected, independently of the other, from hydro-
gen, alkyl having from 1 to 5 carbon atoms in
straight or branched chain and being optionally
substituted, and aryl, aralkyl, heteroaryl and
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2

heteroarylalkyl each of which may optionally be
substituted by one or more chemical entities se-
lected from the radicals defined for Rjor Ry, or Ra
and R4, together with the nitrogen atom to which
they are attached, form a 15 heterocycle of formula

(I')

(CH2)p, 1)
/N
—N T

_/

wherein
n 1s selected from O, 1, 2 and 3,
T is selected from oxygen, the group

\

N C E,

/ _fnj'
O

q

the gro \CH C E

* ‘fnj"
O qg

AN

- and the group CH =

(R'I)p

wherein:

m and p, which are the same or different, each inde-
pendently represents the value 0, 1, 2, 3, 4 or 3,
R and R4, which are the same or different, are each
selected, independently of the other, from halogen,
hydroxy, straight-chain or branched alkyl having
from 1 to 5 carbon atoms, alkoxy, haloalkyl, and

polyhaloalkyl,

q is selected from 0 and 1,

E 1is selected from hydrogen, alkyl having from 110 5
carbon atoms in straight or branched chain, aryl,
aralkyl, heteroaryl and heteroaryialkyl each of
which being as defined hereinbefore and being
optionally substituted by one or more radicals Rgas
defined hereinbefore, and the group:

(R‘F)p
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wherein Rg, R7, m and p are as defined hereinbefore,
with the proviso that, when X=O and
Ri1=R3=H, T cannot represent CH> or quinazoli-
nyl-2-yl amino,

and X 1s selected from O, S and H,
it being understood that, unless indicated otherwise, the
expression “optionally substituted” indicates an op-
tional substitution by one or more radicals selected from
hydroxy, nitro, cyano, alkyl, alkoxy, acyl, haloalkyl,
polyhaloalkyl, amino, alkylamino and dialkylamino, the
alkyl chains of the alkyl, alkoxy, acyl, haloalkyl,
polyhaloalkyl, alkylamino and dialkylamino groups
having from 1 to 5 carbon atoms in straight or branched
chain, with the following provisos:

when R and R’ each represents hydrogen, X cannot

represent Hop,

when R and R’ each represents hydrogen and X rep-

resents oxygen,

either Rj and R are each different from hydrogen,

either R 1s different from hydrogen and R3and Ry,
together with the nitrogen atom to which they
are attached, form a heterocycle as defined here-
inbefore, their possible stereoisomers, N-oxides
and pharmaceutically-acceptable addition salts
with an acid or a base.

Of the pharmaceutically-acceptable acids that may be
used for the formation of an addition salt with the com-
pounds of the invention there may be mentioned, as
non-limiting examples, hydrochloric, phosphoric, sulfu-
T1C, tartric, citric, maleic, fumaric, alkylsulfonic, arylsul-
fonic and camphoric acids.

Of the pharmaceutically-acceptable bases that may be
used for the formation of an addition salt with the com-
pounds of the invention there may be mentioned, as
non-lmiting examples, sodium or potassium hydroxide,
diethylamine, triethylamine, ethanolamine, diethanol-
amine, arginine and lysine.

The mmvention relates also to a process for the prepa-
ration of compounds of formula (I) which is character-
ised in that a cyclisation reaction is carried out in the
presence of an alkali metal carbonate, for example po-
tassium carbonate, in an aprotic solvent, such as ace-
tone, at reflux, starting from catechol and alkyl 2,3-
dibromopropionate, resulting in a compound of formula

(112):

I )
0, CO2R3

wherein Rg represents an alkyl radical containing
from 1 to 5 carbon atoms in straight or branched
chain, which is optionally subjected to an acylation
reaction with an acylating agent of formula (III):

Rs Cl

S
|
O

(1I)

wherein Rs is as defined hereinbefore, with a Lewis
acid, such as aluminium chloride in carbon disul-
fide at 0° C,, to yield a compound of formula (IIb):

d

4

O
Rs
I} E I
O O COsRg

wherein Rs and Rg are as defined hereinbefore, which
may optionally be oxidised to the corresponding diester

(11b)

10 Of formula (Ilc):
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(Ilc)

O
O O CO2Rg

wherein Rs and Rg are as defined hereinbefore, by
means of an oxidising agent, for example meta-
chloro-perbenzoic acid in methylene chloride, and
then optionally converted, by the action of an al-
kali metal alcoholate, for example sodium ethano-
late in methanol, to the phenol of formula (I1d):

O
O CO2Rg

wherein Rg 1s as defined hereinbefore, it being possible
for the keto esters of formula (IIb) on the other hand to
be hydrogenated, by the action of hydrogen and palla-
dium, to a compound of formula (Ile):

| o |
Rs
\CHZQ j\
O CO2R3

wherein Rs and Rg are as defined hereinbefore, it
being possible for the phenol of formula (IId) to be

etherified by reaction with a halogenated com-
pound of formula (IV):

(I1d)

(Ile)

Rs-Hal av)

wherein Hal is a halogen atom, to yield a compound
of formula (IIf):

O |
X1
O CO2Rg

wherein Rs and Rg are as defined hereinbefore, or
acylated by an acyl chloride of formula OID as
defined hereinbefore, to yield a diester of formula
(IIc) as defined hereinbefore, the compounds of

formulae (IIa) to (lift forming the totality of the
compounds of formula (II):

O
£ 1 .
O CO2Rg

(11f)

(D
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wherein R {and Rgare as defined hereinbefore, which
may again be treated like the compounds of for-
mula {(IIa) to (I1If) or n acidic medium with a ter-
tiary alcohol of formula (X):

R, (Va)

Rb-—l— OH

Re

wherein R;, Rpand R, each independently represent
a straight-chain or branched alkyl radical contain-

ing from 1 to 3 carbon atoms, to yield compounds
of formula (Va):

Rj

0 j\

O CO2Rg
Rz

wherein Ri, Ry and Rg are as defined hereinbefore, it
being possible for the benzodioxanes of formula
(Va) optionally to be treated with a brominating
agent, such as N-bromosuccinimide in carbon tetra-
chloride, in the presence of a radical initiator, such
as azo-bis-isobutyronitrile, to vield an intermediate
of formula (VI):

Ry
O Br
IBI‘
O CO2R3
Rz

wherein Ri, Ry and Ry are as defined hereinbefore,
which is then exposed to an alkali metal halide,
such as sodium i1odide in acetone, to yield the cor-
responding benzodioxins of formula (Vb):

R;
O CO2R3
Ra

wherein Ri, R» and Rg are as defined hereinbefore,
the compounds of formula (Va) and (Vb) forming
the totality of the compounds of formula (V)

R
O R
I R:
O CO2Rg
R

wherein R, Ro, Rg, R and R’ are as defined hereinbe-
fore, which are finally hydrolysed to vield the
acids of formuia (VII):

(Vi)

(VD)
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R
O R
I R,
O CO,H
Ro

wherein R, R’, R;and R, are as defined hereinbefore,
which are subjected to a peptide coupling reaction
at 0° C., 1n the presence of 1-(3-dimethylamino-
propyl}-3-ethylcarbodiimide, (EDCI) and hydrox-
ybenzotriazole (HOBt) in dimethylformamide,
with an amine of formula (VIII):

(V1)

R4 R3 (VIII)

wherein R3 and Ry are as defined hereinbefore, that
reaction yielding compounds of formula (IXa):

R
O R
R
]/Q“
N
O e
I Ra
Ry Q

wherein Ri, Ra, R3, R4, R and R’ are as defined here-
inbefore, a particular instance of compounds of
formula (I) wherein X represents oxygen, which
are either:

converted by treatment of the corresponding amide

with Lawesson’s reagent into a thioamide of for-
mula (IXb):

Rj
O R
R3
LR’,'
N
O .
] Rs
Ry S

wherein Ri, Ry, R3, R4, R and R’ are as defined here-
inbefore, a2 particular instance of compounds of
formula (I) wherein X represents sulfur, or

converted by reduction of the corresponding amide
with a reducing agent, such as lithium aluminium
hydride, in an aprotic anhydrous solvent, such as
diethyl ether, to compounds of formula (IXc):

R
O R
1113
Rl‘
- N'\.
O CH; Ry
Ra

wherein R, R2, R3, Ry, R and R’ are as defined here-
inbefore, a particular instance of compounds of

formula (I) wherein X represents the group Hj, the
totality of the compounds of formula (IX3), (I1Xb)

(1Xa)

(1Xb)

(IXc)
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and (IXc) forming the totality of the compounds of

formula (I), which are purified and optionally sepa-
rated into their stereoisomers by a conventional
method of separation and, if desired, converted
into their pharmaceutically acceptable addition
salts with an acid or a base.

The compounds of formula (I) wherein R3 and R4
each represents hydrogen may also be prepared di-
rectly, by the action of an ammonium hydroxide solu-
tion in ethanol on compounds of formula (V).

The compounds of the present invention have very
significant antioxidant properties. Pharmacological
studies have in particular demonstrated that the com-
pounds of the present invention exhibit remarkable
protective activities within the framework of peroxida-
tion processes of lipids and, especially, lipoproteins.
The activities of the compounds of the invention are in
particular far superior to those of probucol, a commer-
cially available compound known for its antioxidant
property and used therapeutically.

Pharmacological studies have also made it possible to
demonstrate a strong protective activity in respect of
cells placed under oxidising conditions. Finally, the
compounds of the invention have exhibited a remark-
able antihypoxic activity in vivo in mice at doses that
are very distinctly lower than those of vincamine which
1s used as reference product. The compounds of the
present invention, which exhibit antioxidant properties,
LDL protecting properties, lipid peroxidation inhibit-
~ing properties and a remarkable protection of cellular
integrity, may therefore be expected to have an espe-
cially beneficial effect in the treatment or prevention of
disorders involving oxidative processes and especially
ischaemic disorders, metabolic disorders, atheroma,
arteriosclerosis, in cerebrovascular and cardiovascular
protection, and in the treatment or prevention of dam-
age resulting from surgical trauma and the reperfusion
of organs.

The compounds of the invention have also demon-
strated an anticalcic activity and exhibit a platelet anti-
aggregation activity.

The compounds of formula (I) can thus be used to
obtain medicaments that are useful in the treatment or
prevention of disorders due to or associated with perox-
idation phenomena, in the treatment of ischaemic disor-
ders, metabolic disorders, atheroma and arteriosclero-
sis, in cerebrovascular and cardiovascular protection,
and in the prevention and treatment of damage resulting
from surgical trauma and the reperfusion of organs.

The invention relates also to pharmaceutical compo-
sitions comprising a compound of formula I or a phar-
maceutically acceptable addition salt thereof with an
acid or base, alone or in combination with one or more
inert, non-toxic excipients. Of the pharmaceutical com-
positions according to the invention there may be men-
tioned more especially those which are suitable for oral,
parenteral, nasal, rectal, perlingual, ocular or pulmo-
nary administration, and especially injectable prepara-
tions, aerosols, eye or nose drops, tablets, film-coated
tablets, dragées, soft gelatin capsules, hard gelatin cap-
sules, creams, ointments, dermal gels . . .

The dosage used varies in accordance with the age
and weight of the patient, the route of administration,
the nature of the disorder and any associated treat-
ments, and ranges from 0.5 mg to 2 g per 24 hours. The
following Examples illustrate the invention without,
however, in any way limiting it. The starting materials
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8

are readily available or are prepared by known methods
of operation.
PREPARATION 1. ETHYL 2,3-DIHYDRO-1,4-
BENZODIOXIN-2-CARBOXYLATE

Under a nitrogen atmosphere, add 18.2 g (131 mmol)
of dry potassium carbonate and 13 g (50 mmol) of ethyl
2,3-dibromopropionate in succession to a solution of 20
g (18 1 mmol) of catechol dissolved in 120 cm3 of anhy-
drous acetone. The operation is repeated four times in
succession at intervals of 15 minutes. The reaction mix-
ture is heated at reflux for 18 hours, and then cooled and
filtered through Celite. The filtrate is concentrated to a
residual volume of 60 cm3, then hydrolysed with 80
cm3 of water and extracted with diethyl ether. After
drying over magnesium sulfate, the ethereal phase is
concentrated under reduced pressure and the crude
product is purified by distillation under reduced pres-
sure (b.p.=155" C. under 15 mm Hg). Ethyl 2,3-dihy-
dro-1,4-benzodioxin-2-carboxylate is thereby obtained
in a yield of 80%. np?3=1.5214

) 1
O CO,Et
7 2
6 3
O
3 4

IH RMN (CDCl), § (ppm): 1.27 (t, 3H, CH,CHs,
J=6.95 Hz); 4.25 (g, 2H, CH,CH3, J=6.95 Hz); 4.35 (d,
2H, H3a, H3b, J32=3.79 Hz); 4.79 (t, 1H, Hy, J23=3.79
Hz); 6.86-7.0 (m, 4Haromaic protons)-

PREPARATION 2: ETHYL 6-ACETYL-1,4-BEN-
ZODIOXIN-2-CARBOXYLATE

Step 1: Ethyl
2,3-dibromo-1,4-benzodioxin-2-carboxylate

Heat at reflux for 6 hours, under a nitrogen atmo-
sphere, a mixture of 8 g (38.5 mmol) of ethyl 2,3-dihy-
dro-1,4-benzodioxin-2-carboxylate, 15 g (84.5 mmol) of
N-bromosuccinimide, and a spatula tip of 2,2'-azobis-(2-
methylpropionitrile) in 120 cm3 of carbon tetrachloride.
After cooling the reaction mixture and removing the
succinimide that has formed, the expected product is
isolated by concentrating to dryness. Ethyl 2,3-
dibromo-1,4-benzodioxin-2-carboxylate is thereby ob-
tained in a quantitative yield.

Melting point: 102° C.

g 1
. O CO,Et
2 Br
6 3
O Br
’ 4

IH RMN (CDCls), 6 (ppm): 1.43 (t, 3H, CH,CHj,
J=6.71 Hz); 4.41-4.56 (m, 2H, CH,CH3); 6.94 (s, 1H,
H3); 7.1-7.3 (m, 4Haromatic protons)-

Step 2: Ethyl 1,4-benzodioxin-2-carboxylate

Stir for 3 hours, at room temperature and under a
nitrogen atmosphere, a mixture of 16 g (43.7 mmol) of
ethyl 2,3-dibromo-1,4-benzodioxin-2-carboxylate and
24 g (160 mmol) of sodium iodide in 80 cm3 of anhy-
drous acetone. The reaction mixture is then concen-
trated under reduced pressure, hydrolysed with 80 cm3
of water, and subsequently extracted with diethyl ether.
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After treatment with an aqueous sodium thiosulfate
solution followed by drying over magnesium sulfate,
the ethereal phase is concentrated to dryness under
reduced pressure and the crude product is purified by
chromatography on a silica column (eluant:petroleum 3
ether/diethyl ether, 40:60). Ethyl 1,4-benzodioxin-2-
carboxylate 1s thereby obtained in a yield of 85%.
Melting point: 42° C.

’ 1
i O _ 2 CO,Et
6©: ]3/
. QO
> 4

IH RMN (CDCl3), 6 (ppm): 1.33 (t, 3H, CH>CHj,
J=7.2 Hz); 4.26 (q, 2H, CH,CH3, J=7.2 Hz): 6.67-6.93
(m, 4Hgromatic pmrans)§ 6.94 (s, 1H, Hz).

Step 3: Ethyl 6-acetyi-1,4-benzodioxin-2-carboxylate

Slowly add 8.1 g (60.7 mmol) of aluminium chloride
1o a solution of 2.85 g (36.3 mmol) of acetyl chloride and

5 g (24.7 mmol) of ethyl i,4-benzodioxin-2-carboxylate
in 120 cm? of carbon disulfide at 0° C. Stir for 4 hours at
room temperature and then, after acid hydrolysis with
20 cm? of 2N hydrochloric acid, extract the reaction
mixture with methylene chloride. After drying the
methylene chloride phase over magnesium sulfate, con-
centrating to dryness and washing with ethanol, ethyl
6-acetyi-1,4-benzodioxin-2-carboxylate is obtained in a
yield of 95%.
Melting point: 122° C.

O CO,Et
H3C\Ji\j[ o ]/
i
O

'H RMN (CDCl3), 6 (ppm): 1.34 (t, 3H, CH,CHj3,
J=7.1 Hz); 2.51 (5, 3H, CH3CO); 4.29 (g, 2H, CH,;CH3,
J=7.1 Hz); 6.87 (4, 1H, Hg, J37=38.69 Hz); 7.31 (d, 1H,
Hs, J57==2.37 Hz); 7.53 (dd, 1H, H7, J73=8.69 Hz,
J75=2.37 Hz).

PREPARATION 3: ETHYL 6-ETHYL-2,3-DIHY-
DRO-1,4-BENZODIOXIN-2-CARBOXYLATE

Hydrogenate a solution of 3 g of ethyl 6-acetyi-1,4-
benzodioxin-2-carboxylate in 15 cm3 of acetic acid 50
under hydrogen pressure (50 psi) in the presence of
0.750 g of 5% palladium on carbon. The crude product
obtained by concentrating to dryness is purified by
chromatography on a silica column (eluant: petroleum
ether/diethyl ether, 70:30). Ethyl 6-ethyl-2,3-dihydro- 33
1,4-benzodioxin-2-carboxylate is thereby obtained in a
yield of 70%.

O CO,Et
Hs C\/@ ]/
O

TH RMN (CDCl3) & (ppm): 6.92 (d, 1H, Hg, Jg7=28.69 65
Hz); 6.74-6.70 (m, 2H, H7, Hs, J73=8.69 Hz, J57=1.58
Hz); 4.79 (t, 1H, Hj, J»3=3.95 Hz); 4.38-4.36 (m, 2H,
H3g, H3p); 4.28 (q, 2H, J=7.11 Hz, OCH>CH3); 2.56 (q,
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2H, J=7.50 Hz, CH3;—CH;—Ar); 1.3 (t, 3H, J=7.11
Hz, OCH,CH3); 1.2 (t, 3H, J=7.50 Hz, CH3:CH>Ar).
PREPARATION 4: ETHYL 6-ACETYL-2,3-DIHY-
DRO-1,4-BENZODIOXIN-2-CARBOXYLATE

Method A

Add 2 g (8.5 mmol) of ethyl 6-ethyl-2,3-dihydro-1,4-
benzodioxin-2-carboxylate dissolved in 5 cm? of anhy-
drous methylene chioride to a mixture at 0° C. of 0.042
g (0.42 mmol) of chromium trioxide and 5.35 g (59.3
mmol) of 70% teri-butyl hydroperoxide in 30 cm3 of
methylene chloride. Stir for 2 hours at 0° C. and then
for 72 hours at room temperature. The crude product
obtained by concentrating to dryness is purified by
chromatography on a silica column (eluant: methylene
chloride). Ethyl 6-acetyl-2,3-dihydro-1,4-benzodioxin-
2-carboxylate 1s thereby obtained in a yield of 62%.

Melting point: 60° C.

Method B
Preparation of the complex Ag(Py)sS70¢

Add together a solution composed of 1.6 g of silver
nitrate, 32 cm?3 of water and 14 cm3 of pyridine and an
aqueous solution of 20 g of K2S,0¢g in 1350 cm3 of wa-
ter. The complex which precipitates is isolated by filtra-
tion and dried before being used.

Heat at reflux for 3 hours a mixture of 1 g of ethyl
6-ethyl-2,3-dihydro-1i,4-benzodioxin-2-carboxylate and
7.85 g of Ag(Py)4S20s complex in 20 cm3 of anhydrous
acetonitrile. After cooling the mixture, then removing
insoluble material by filtration and concentrating the
filtrate under reduced pressure, the crude product ob-
tained 1s purified by chromatography on a silica column
silica (eluant:petroleum ether/ethyl acetate, 80:20).
Ethyl 6-acetyl-2,3-dihydro-1,4-benzodioxin-2-carboxy-
late is thereby obtained in a vield of 78%.

0O CO;Et
H3C j/
O
|
e,

IH RMN (CDCl3), & (ppm): 7.56 (d, 1H, Hs,
Js7=1.89 Hz); 7.52 (dd, 1H, H7; J73=8.05 Hz,
J75=1.89 Hz); 7.05 (d, 1H, Hjs, J5+8.05 Hz); 4.88 (t, 1H,
H», J2,3=3.55 Hz); 4.41 (q split, 2H, H3,, H3p, J32=3.55
Hz, Ji,35=11.85 Hz); 4.27 (q, 2H, 1=7.35 Hz,
CH,;CH3); 2.53 (s, 3H, CH3CO); 1.27 (t, 3H, J=7.35 Hz,
CH,CH3).

PREPARATION 5: 7-ACETYL-2,3-DIHYDRC-
1,4-BENZODIOXIN-2-CARBOXAMIDE

Step 1: Ethyl (6 and
T)-acetyl-2,3-dihydro-1,4-benzodioxin-2-carboxylate

Under a nitrogen atmosphere, add 4.5 g (57.7 mmol)
of acetyl chloride to a solution of 8 g (38.5 mmol) of
ethyl 2,3-dihydro-1,4-benzodioxin-2-carboxylate in 60
cm?3 of carbon disulfide. Cool the mixture to 0° C. and
then slowly introduce 12.85 g (96.4 mmol) of aluminium
chloride. Stir for 4 hours at room temperature and then
hydrolyse with 20 cm? of an iced solution of 2N hydro-
chloric acid and extract with methylene chloride. The
crude product obtained by concentration to dryness is
purified by chromatography on a silica column (eluant:
petroleum ether/diethyl ether, 40:60). A mixture of
ethyl 6-acetyl- and ethyl 7-acetyl-2,3-dihydro-1,4-ben-
zodioxin-2-carboxylate is thereby obtained in a yield of
80%.
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O CO,Et
H3C ]/
I 5
O O

1H NMR (CDCl3), § (ppm): 7.64-7.5 (m, 4H, H7;s,.
mer (2-6), Hsisomer (2-6), Héisomer (2-7), Hsisomer(2-7)); 7.06 (d,
1H, Hg, J3 7=28.29 Hz); 6.92 (d, 1H, Hs, J5¢6=28.29 Hz);
4.92-4.82 (m, 2H, Hoisomers (2-6) and (2-7)); 4.52-4.38 (m,
4H, 2 X H34,H3p); 4.28 (q, 4H, 2 X CH,CH3, J=7.1 Hz);
2.54 (s, 3H, CH3zCOiomer2-1); 2.53 (s, 3H,
CH3COsomer(2-6)); 1.29 (t, 6H, 2 X CH,CH3, J=7.1 Hz).

Step 2:
7-Acetyl-2,3-dihydro-1,4-benzodioxin-2-carboxamide

10

15

Stir a solution of 8 g of the mixture of ethyl (6 and
7)-acetyl-2,3-dihydro-1,4-benzodioxin-2-carboxylate in
a mixture of ethanol and ammonia (3: 1) for 8 hours at
room temperature. The 7-acetyl-2,3-dihydro-1,4-ben-
zodioxin-2-carboxamide precipitates from the reaction
mixture whereas the 6-acetyl-2,3-dihydro-1,4-benzodi-
oxin-2-carboxamide remains in solution. After isolation
by filtration and recrystallisation from 70% ethanol, the
7-acetyli-2,3-dihydro-1,4-benzodioxin-2-carboxamide 1s
isolated in a yield of 50%.

Melting point: 212° C.

20
25

O 30

II
H3C

O
G
]/\NHg
O

TH NMR (CDCls) & (ppm): 2.5 (s, 3H, CH3CO); 4.36
(d, 2H, H3g, H3p, J=3.95 Hz); 4.82 (t, 1H, H>, J2,3=3.95
Hz); 6.97 (d, 1H, Hs, J5 6=,8.29 Hz); 7.47-7.55 (m, 2H,
Hg, He¢); 7.61 (s broad, 2H, CONH>)
PREPARATION 6: ETHYL 7-ACETYL-2,3-DIHY-
DRO-1,4-BENZODIOXIN-2-CARBOXYILATE Heat
a solution of 3 g (13.5 mmol) of 7-acetyl-2,3-dihydro-
1,4-benzodioxin-2-carboxamide dissolved in 100 cm3 of
ethanol saturated with hydrochloric acid at reflux for
18 hours under a nitrogen atmosphere. After cooling,
the reaction mixture is filtered, concentrated and, after
neutralisation with sodium hydrogen carbonate, ex-
tracted with methylene chloride. The crude product
obtained by concentrating the organic phase to dryness
is purified by chromatography on a silica column (elu-
ant: petroleum ether/diethyl ether, 50:50). Ethyl 7-acet-
yl-2,3-dihydro-1,4-benzodioxin-2-carboxylate is thereby
obtained in a vield of 75%.

Melting point: 57° C.

O O
i o I
HECU ]/\OB
O

IH NMR (CDCl3), 8 (ppm): 1.28 (t, 3H, CH,CH3,
J=6.9 Hz); 2.53 (s, 3H, CH3CO); 4.28 (q split, 2H,
CH>CH3, J=6.9 Hy); 4.4-4.5 (m, 2H, H3,, H3p); 4.86 (X,
1H, Ha, J2,3=3.55 Hz); 6.92 (d, 1H, Hs, J56=38.69 Hz);
7.52 (dd, 1H, Hg, J63=1.97 Hz, J¢5=28.69 Hz); 7.63 (d,
1H, Hg, J3 6=1.97 Hz).
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PREPARATION 7: ETHYL 7-ACETOXY-2,3-
DIHYDRO-1,4-BENZODIOXIN-2-CARBOXY-
LATE

Heat a solution of 2 g (8 mmol) of ethyl 7-acetyl-2,3-
dihydro-1,4-benzodioxin-2-carboxylate and 3.05 g (17.7
mmol) of meta-chloro-perbenzoic acid in 30 cm? of
methylene chloride at 50° C. for 18 hours under a nitro-
gen atmosphere. After cooling, removing by filtration
the benzoic acid formed, and washings with agueous
solutions of sodium hydrogen carbonate and then so-
dium chloride, the reaction mixture is concentrated to
dryness under reduced pressure and the crude product
obtained is purified by chromatography on a silica col-
umn {(eluant:petroleum ether/diethyl ether, 70:30).
Ethyl 7-acetoxy-2,3-dihydro-1,4-benzodioxin-2-car-
boxylate is thereby obtained in a yield of 75%.

i
H+C 0
3 \lr’o OEt
0
| 0

'H NMR (CDCls), é (ppm): 1.2 (t, 3H, CH;CH3);
2.26 (s, 3H, CH3CO); 4.27 (q, 2H, CH,CH3, J=7.1 Hz);
4.37 (4, 2H, Hz,, Hszp, J2,3=3.5 Hz); 4.83 (t, 1H, Hp,
J=1.5 Hz); 6,6 (dd, 1H, Hg, J65=28.2 Hz, J53=3.16 Hz);
6.78 (d, 1H, Hg, Js 6=3.16 Hz); 6.84 (d, 1H, Hs, J56=28.2
Hz). -

PREPARATION 8 ETHYL 6-ACETOXY-2,3-
DIHYDRO-1,4-BENZODIOXIN-2-CARBOXY-
LATE

The ethyl 6-acetoxy-2,3-dihydro-1,4-benzodioxin-2-
carboxylate is obtained in a yield of 77% starting from
ethyl 6-acetyl-2,3-dihydro-1,4-benzodioxin-2-carboxy-
late and proceeding as in Preparation 7.

Melting point: 66° C.

O
OEt
O
X
HaC O O

IH NMR (CDCl3), & (ppm): 6.97 (d, 1H, Hs,
Jg7=28.53 Hz); 6.67-6.58 (m, 2H, H7, Hs, J57=2.37 Hz);
4.75 (t, 1H, Hj, J23=3.55 Hz); 4.37 (d, 2H, H3s,, H3,,
J32=3.55 Hz); 4.27 (q split, 2H, J=7.11 Hz, CH,CH3);
2.22 (s, 3H, CH3CO); 1.26 (t, 3H,J=7.11 Hz, CH3CH)).
PREPARATION 9: ETHYL 7-ACETOXY-1,4-BEN-
ZODIOXIN-2-CARBOXYLATE

Step 1: Ethyl
7-acetoxy-2,3-dibromo-1,4-benzodioxin-2-carboxylate

By proceeding as in Step 1 of Preparation 2, but start-
ing from ethyl 7-acetoxy-2,3-dihydro-1,4-benzodioxin-
2-carboxylate, ethyl 7-acetoxy-2,3-dibromo-1,4-ben-
zodioxin-2-carboxylate is obtained in an almost quanti-
tative yield.

Melting point: 131 ° C.
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Step 2: Ethyl 7-acetoxy-1,4-benzodioxin -2-carboxylate 10

By proceeding as in Step 2 of Preparation 2, but start-
ing from ethyl 7-acetoxy-2,3-dibromo-1,4-benzodioxin-
2-carboxylate, ethyl 7-acetoxy-1,4-benzodioxin-2-car-
- boxylate 1s obtained in a vield of 85%.

Melting point: 66° C.

0
H{aC. O o
3 \ﬁ/ OEt
O
o

TH NMR (CDCl3) 8 (ppm): 1.33 (t, 3H, CH,CHa3);
2.26 (s, 3H, CH3COO); 4.27 (q, 2H, CH,CH3, J=7.11
Hz); 6.71-6.58 (m, 3H, Hs, Hg, Hs): 6.94 (s, 1H, Hx).
PREPARATION 10: ETHYL 6-ACETOXY-14-
BENZODIOXIN-2-CARBOXYLATE

Step 1: Ethyl
6-acetyl-2,3-dibromo-1,4-benzodioxin-2-carboxylate

Add a solution of 0.543 cm? (10.6 mmol) of bromine
in 3 cm?3 of carbon tetrachloride dropwise, at 0° C., to
2.5 g (10.1 mmol) of ethyl 6-acetyl-1,4-benzodioxin-2-
carboxylate partially dissolved in 35 cm3 of carbon
tetrachlonde. Continue stirring at 0° C. for 2 hours and
then concentrate under reduced pressure and purify the
resulting crude product by chromatography on a silica
column (eluant: petroleum ether/diethyl ether, 60:40).
Ethyl 6-acetyl-2,3-dibromo-1,4-benzodioxin-2-carboxy-
late 1s thereby obtained in a yield of 92%.

O
o [
OFEt
Br
HyC

> O Br

|

O

IH NMR (CDCl), 8 (ppm): 7.77 (rid, 1H, Hs,
J78=8.29 Hz, J75=1.97 Hz); 7.70 (d, 1H, Hs, J57=1.97
Hz); 7.27 (d, 1H, Hs, J37=28.29 Hz); 6.49 (s, 1H, H3);
4.544.41 (m, 2H, CH,CH3); 2.59 (s, 3H, CH3CO); 1.44
(t, 3H, J=7.34 Hz, CH3CH)).

Step 2: Ethyl 6-acetoxy-2,3-dibromo-1,
4-benzodioxin-2-carboxylate

By proceeding as for Preparation 7, but starting from
ethyl 6-acetyl-2,3-dibromo-1,4-benzodioxin-2-carboxy-
late, ethyl 6-acetoxy-2,3-dibromo-1,4-benzodioxin-2-
carboxylate is obtained in a yield of 77%.

Melting point: 58° C.
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Step 3: Ethyl 6-acetoxy-1,4-benzodioxin-2-carboxylate

By proceeding as for Preparation 9, Step 2, but start-
ing from ethyl 6-acetoxy-2,3~-dibromo-1,4-benzodioxin-
2-carboxylate, ethyl 6-acetoxy-1,4-benzodioxin-2-car-
boxylate 1s obtained in a yield of 80%.

Meliting point: 88° C.

O
o
OFEt
i |
H4C O O

TH NMR (CDCly); 8 (ppm): 6.93 (s, 1H, H3); 6.82 (d,
1H, Hsg, Jg7=7.7 Hz); 6.62 (dd, 1H, H7, J73=7.7 Hz,
J7}5=2.56 HZ); 6.51 (d, IH, Hs, 35,7:2.56 HZ); 4,29 (q,
2H, J=7.2 Hz, CHyCH3); 2.26 (s, 3H, CH3COO); 1.34
(t, 3H, J=7.2 Hz, CH3CH),).

PREPARATION 11: ETHYL 7-HYDROXY-6-

TERT-BUTYL-1,4-BENZODIOXIN-2-CARBOXY-
LATE

Step 1: Ethyl 7-hydroxy-1,4-benzodioxin-2-carboxylate

Add 0.5 cm?3 of a molar solution of sodium ethanolate
in ethanol to a solution of 1 g (3.78 mmol) of ethyl
7-acetoxy-1,4-benzodioxin-2-carboxylate in 15 cm?3 of
anhydrous ethanol under a nitrogen atmosphere. Stir
for 18 hours at room temperature and then neutralise
with Dowex X-8 resin, acid form, which has been
washed beforehand with ethanol. After filtration and
concentration to dryness under partial pressure, the
crude product obtained is purified by chromatography
on a silica column (eluant: petroleum ether/diethyl
ether, 80:20). Ethyl 7-hydroxy-1,4-benzodioxin-2-car-
boxylate 1s thereby obtained in a vield of 96%.

Melting point: 160° C.

O
o o |
i
. O

'H NMR (DMSO0), 6 (ppm): 9.54 (s, 1H, OH); 7.22 (s,
1H, Ha3); 6.66 (d, 1H, Hs, J56=8.69 Hz); 6.29 (dd, 1H,
He¢, J65=8.69 Hz, Jg3=2.76 Hz); 6.23 (d, 1H, Hjg,
Jg6=2.76 Hz); 4.17 (q, 2H, J=7.11 Hz, CH,CH3); 1.22
(t, 3H, J=7.11 Hz, CH3CH,).

Step 2: Ethyl 7-hydroxy-6-tert-butyl-1,
4-benzodioxin-2-carboxylate

Add 0.425 cm3 (4.5 mmol) of tert-butanol to a solu-
tion of 0.5 g (2.25 mmol) of ethyl 7-hydroxy-1,4-ben-
zodioxin-2-carboxylate in 3 cm3 of trifluoroacetic acid.
The whole 1s stirred for 24 hours at room temperature
and, after concentrating to dryness under reduced pres-
sure, the crude product is then purified by chromatog-
raphy on a silica column (eluant:petroleum ether/-
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diethyl ether 80:20). Ethyl 7-hydroxy-6-tert-butyl-1,4-
benzodioxin-2-carboxylate 1s obtained in a yield of 78%.
Melting point: 222° C.

i
HO O ]/\ OF+
O

IH NMR (CDCl3), 8 (ppm): 6.96 (s, 1H, H3); 6.63 (s,
1H, Hs); 6.31 (s, 1H, Hs); 5.14 (s, 1H, OH); 4.27 (q, 2H,
J=7.3 Hz, CH,CH3); 1.33 (t, 3H, J=7.3 Hz, CH3CH)).
PREPARATION 12: ETHYL 6-HYDROXY-7-
TERT-BUTYL-1,4-BENZODIOXIN-2-CARBOXY-
LATE

By proceeding as for Preparation 11, ethyl 6-
hydroxy-7-tert-butyl-1,4-benzodioxin-2-carboxylate is
obtained from ethyl 6-acetyl-1,4-benzodioxin-2-car-
boxylate in a total yield of 63%.

Melting point: 125° C.

>H©[ o

o
]/\OEt

HO O

'H NMR (DMSO0), & (ppm): 9.44 (s, 1H, OH); 7.16 (s,
1H, H3); 6.55 (s, 1H, Hz); 6.26 (s, 1H, Hs); 4.18 (q, 2H,
J=17.35 Hz, CH,CH3); 1.26 (s, 9H, (CH3)3C); 1.22 (t,
3H, J=7.35 Hz, CH3CH)).

PREPARATION 13: ETHYL 7-HYDROXY-6-
TERT-BUTYL-2,3-DIHYDRO-1,4-BENZODIOX-
IN-2-CARBOXYLATE

By proceeding as for Preparation 11, ethyl 7-
hydroxy-6-tert-butyl-2,3-dihydro-1,4-benzodioxin-2-
carboxylate is obtained from ethyl 7-acetoxy-2,3-dihy-
dro-1,4-benzodioxin-2-carboxylate in a total yield of
73%.

Melting point: 128° C.

' 0
O
HO ]/\ OEt
O

'H NMR (CDCl), & (ppm): 6.78 (s, 1H, Hs); 6.4 (s, 55
1H, Hg); 4.78 (t, 1H, Hj, J=3.68 Hz); 4.66 (s, 1H, OH);
4.33 (d, 2H, H3,, H3p, J=3.68 Hz); 4.28 (q, 2H, J=7.35
Hz, CH,CH3); 1.36 (s, 9H, (CH3);C); 1.31 (t, 3H,
J=7.35 Hz, CH3CH>).

PREPARATION 14: ETHYL 6-HYDROXY-7- ¢0
TERT-BUTYL-2,3-DIHYDRO-1,4-BENZODIOX-
IN-2-CARBOXYLATE

By proceeding as for Preparation 11, ethyl 6-
hydroxy-7-tert-butyl-2,3-dihydro-1,4-benzodioxin-2-
carboxylate is obtained from ethyl 6-acetoxy-2,3-dihy- 65
dro-1,4-benzodioxin-2-carboxylate in a total yield of
71%.

Melting point: 172° C.

J
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'H NMR (CDCl3), & (ppm): 6.94 (s, 1H, Hs); 6.26 (5,
1H, Hsg); 4.73-4.71 (m, 1H, H)); 4.52 (s, 1H, OH);
44423 (m, 4H, H3, H3p, CHyCH3); 1.36 (s, SH,
(CH3)30); 1.31 (¢, 3H, J=7.3 Hz, CH3CH>).
PREPARATION 15: 7-HYDROXY-2,3-DIHYDRO-
1,4-BENZODIOXIN-2-CARBOXYLIC ACID

Under a nitrogen atmosphere, slowly add 75 mmol of
a 10% aqueous sodium hydroxide solution to a solution
of 2 g (7.5 mmol) of ethyl 7-acetoxy-2,3-dihydro-1,4-
benzodioxin-2-carboxylate in 20 cm? of methanol. Stir
at room temperature for 6 hours and then, after concen-
trating under reduced pressure, acidify the mixture with
a 2N hydrochloric acid solution. Extract with diethyl
ether the acid which precipitates, then, after drying and
concentration to dryness, wash the resulting acid with
methylene chloride. 7-Hydroxy-2,3-dihydro-1,4-ben-
zodioxin-2-carboxylic acid is thereby obtained in a yield
of 85%. |

Melting point: 204° C.

1
HO O
U j/\OH
. O

'H NMR (CDCl3), & (ppm): 4.13 (dd, 1H, Hj,,
J32=3.55 Hz, J3p3,=1145 Hz); 4.30 (dd, 1H, Haj,,
J32=3.55 Hz, J353,=11.45 Hz); 494 (t, 1H, H,
J23=3.55 Hz); 621 (dd, 1H, Hs, Js5=8.29 Hz,
J6,8=2.76 Hz); 6.3 (d, 1H, Hj, Jg6=2.76 Hz); 6.61 (d,
1H, Hs, J56=28.29 Hz); 9 (s, 1H, OH); 13.22 ( s broad,
1H, COOH).

PREPARATIONS 16 TO 23

By proceeding as for Preparation 15, but replacing
ethyl

T-acetoxy-2,3-dihydro-1,4-benzodioxin-2-carboxylate
with:

ethyl 6-acetoxy-2,3-dihydro-1,4-benzodioxin-2-car-

boxylate, 6-hydroxy-2,3-dihydro-1,4-benzodioxin-
2-carboxylic acid 1s obtained in a yield of 90%.
Melting point: 165° C.

O
o I
Q ]/\OH
HO O

'H NMR (DMSO) & (ppm): 13 (s broad, 1H, COOH);
9 (s, 1H, OH), 6.69 (d, 1H, Hg, J3 7=7.58 Hz); 6.31-6.19
(m, 2H, Hs, H7); 4.88 (t, 1H, Hj, J,3=3.79 Hz2);
4.36-4.18 (m, 2H, H3, H3b).
ethyl 7-acetoxy-1,4-benzodioxin-2-carboxylate, 7-
hydroxy-1,4-benzodioxin-2-carboxylic acid is ob-
tained 1n a yield of 88%.
Melting point: 280° C.
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'H NMR (DMSO), & (ppm): 6.21 (d, 1H, Hs,
Js6=2.84 Hz); 6.28 (dd, 1H, Hs, J¢s5=8.53 Hz,
J6,8=2.84 Hz); 6.65 (d, 1H, Hs, J56=38.53 Hz); 7.14 (s,
1H, H3); 9.5 (s, 1H), OH); 13 (s broad, 1H, COOR).

ethyl ©6-acetoxy-1,4-benzodioxin-2-carboxylate, 6-

hydroxy-1,4-benzodioxin-2-carboxylic acid is ob-
tained in a yield of 87%.
Melting point: 260° C.

O
o I
]/\ a
HO O ‘

'H NMR DMSO0), § (ppm): 13 (s broad, 1H, COOH);
944 (s, 1H, OH); 7.11 (s, 1H, H3); 6.66 (d, 1H, Hsg,
J37=8.29 Hz); 6.33 (dd, 1H, Hj J;3=8.29 Hz,
J75=1.97 Hz); 6.24 (d, 1H, Hs, J57=1.97 Hz).

ethyl 7-acetoxy-6-teri-butyl-1,4-benzodioxin-2-car-

boxylate. 7-hydroxy-6-tert-butyl-1,4-benzodioxin-
2-carboxylic acid is obtained.

Melting point: 144° C.
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IH NMR (DMSO); & (ppm): 12.96 (s broad, 1H,
COOH); 9.44 (s, 1H, OH); 7.13 (s, 1H, Ha); 6.53 (s, 1H,

45
Hs); 6.25 (s, 1H, Hg); 1.27 (s, 9H, (CH3)3C).
ethyl 7-acetoxy-6-tert-butyl-2,3-dihydro-1,4-benzodi-
oxm-2-carboxylate, 7-hydroxy-6-tert-butyl -2,3-
dihydro-1,4-benzodioxin-2-carboxylic acid is o©b-
tained. | 30
Melting point: 264° C.
I
| O
O
60

INMR (DMSO0), & (ppm): 13 (s, 1H, COOH); 8.88 (s,
1H, OH); 6.51 (s, 1H, Hyg); 6.34 (s, 1H, Hs); 4.6-4.4 (m,
1H, H»); 4.24.0 (m, 2H, H3g, H3b); 1.21 (s, 9H, (CH3)3C).

ethyl 6-acetoxy-7-tert-butyl-1,4-benzodioxin-2-car-

boxylate, 6-hydroxy-7-tert-butyl-1,4-benzodioxin-
2-carboxylic acid is obtained.

Melting point: 130° C.

65
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*@[ |

o
]/\OH

HO ')

IH NMR (DMSO), § (ppm): 13 (s broad, 1H,
COOH); 9.4 (s, 1H, OH); 7.05 (s, 1H, H3); 6.55 (s, 1H,
Hg); 6.26 (s, 1H, Hs); 1.28 (s, 9H, (CH3)3C).

ethyl 6-acetoxy-7-tert-butyl-2,3-dihydro-1,4-benzodi-

oxin-2-carboxylate, 6-hydroxy-7-tert-butyl-2,3-
dihydro-1,4-benzodioxin-2-carboxylic acid is ob-
tained.

Melting point: 162° C.

>Hﬁ |

o
j/\OH

HO O

'H NMR (DMSO), & (ppm): 13.2 (s broad, 1H,
COOH); 8.91 (s, 1H, OH); 6.65 (s, 1H, Hg); 6.31 (s, 1H,
Hs); 4.88 (t, 1H, Ha, J23==2.94 Hz); 4.33-4.17 (m, 2H,
H3g, Hap); 1.27 (s, 9H, (CH3)3C).

ethyl 1,4-benzodioxin-2-carboxylate, 1,4-benzodiox-

in-2~carboxylic acid is obtained in a yield of 95%.

Melting point: 180° C.

| O
o
OH
@ ]/\
O

PREPARATION 24: 6-METHOXY-14-BENZODI-
OXIN-2-CARBOXYLIC ACID

Step 1: Methyl
6-hydroxy-1,4-benzodioxin-2-carboxylate

Add 3.8 mmol of a 2M solution of sodium methano-
late to a solution of 0.38 mmol of ethyl 6-acetoxy -1,4-
benzodioxin-2-carboxylate in 5 cm3 of anhydrous meth-
anol. After stirring for 4 hours at room temperature and
neutralising with acid Dowex resin, the reaction mix-
ture 1s concentrated under reduced pressure and the
crude product obtained is purified by chromatography
on a silica column (eluant:petroleum ether/diethyl
ether, 80:20). Methyl 6-hydroxy -1,4-benzodioxin-2-car-
boxylate is thereby obtained in a vield of 87%.

Step 2: Methyi
6-methoxy-1,4-benzodioxin-2-carboxylate

Stir for 15 minutes at room temperature, under argon,
a solution of 0.48 mmol of methyl 6-hydroxy -1,4-ben-
zodioxin-2-carboxylate in 5 cm? of N,N-dimethylforma-
mide in the presence of 0.57 mmol of 60% sodium hy-
dride suspended in oil, and then add 0.72 mmol of
methyl 1odide. After being stirred for 4 hours at room
temperature, the reaction mixture is concentrated under
reduced pressure and then extracted with methylene
chloride. After the methylene chloride phases have
been concentrated to dryness, the crude product is puri-
fied by chromatography on a silica column (eluant:pe-
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troleum ether/ethyl acetate, 80:20). Methyl 6-methoxy

-1,4-benzodioxin-2-carboxylate is thereby obtained in a
yield of 78%.

Step 3: 6-Methoxy-1,4-benzodioxin -2 -carboxylic acid 5

That compound is obtained in accordance with Prep-
aration 15 in a yield of 95%, starting from methyl 6-
methoxy-1,4-benzodioxin-2-carboxylate.

O
o
H;C ‘
. KO QO -

IH NMR (DIMSO), & (ppm): 13.2 (s broad, 1H,
COOH); 7.16 (s, 1H, H3); 6.78 (d, 1H, Hg, J3 7=38.9 Hz);
6.55-6.45 (m, 2H, H7, Hs); 3.68 (s, 3H, CH30).

10

15

20
EXAMPLE 1 |
6-HYDROXY-2-{4-[BIS4-FLUOROPHENYL)ME-
THYLJPIPERAZIN-1-YLCARBONYL}-1,4-BEN-
ZODIOXIN ’s

Under a nitrogen atmosphere, add 5.5 mmol of 1-
[bis(4-fluorophenyl)methyl]piperazine, 5.5 mmol of
EDCI (1-(3-dimethylaminopropyl)-3-ethylcarbodii-
mide) and 5.5 mmol of HOBt (hydroxybenzotriazole) in
succession to a solution at 0° C. of 5 nmml of 6-hydroxy-
1,4-benzodioxin -2-carboxylic acid in 25 c¢cm3 of N,N-
dimethylformamide. Stir for 2 hours at 0° C. and then
for 12 hours at room temperature, and concentrate the
reaction mixture under reduced pressure. Extract the
resulting amide with diethyl ether and then, after con-
centration to dryness, purify the crude product by chro-
matography on a silica column (eluant:petroleum ether
then an increasing gradient of ethyl acetate in petro-
leum ether). 6-Hydroxy-2-{4-[bis-(4-fluorophenyl)me-
thyl]piperazin-1-ylcarbonyl }-1,4-benzodioxin is thereby
obtained 1 a yield of 85%. The product obtained is
precipitated from 10 ml of pentane and is then filtered
and recrystallised from cyclohexane.

Melting point: 163° C.

30

35

45
O
gy o' LI
Jij[ ]/\N /\|
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HO™ 6 O K/ N\CH 20
3 4
55

F

IH NMR (CDCls), § (ppm): 7.34 (dd, 4H, 2 X H, Hg,,
J2,33=28.6 Hz, J3» p=5.53 Hz); 6.98 (t, 4H, 2 XH3 ., Hy,
J3 2 =J3Fr=8.69 Hz); 6.57 (s, 1H, H3); 6.48 (d, 1H, Hsg,
J3,7=8.69 Hz); 6.29 (dd, 1H, Hj, J73=8.69 Hz,
J7,5=3.16 Hz); 6.23 (4, 1H, Hs, J57=3.16 Hz); 5.6 (s,
1H, OH); 4.25 (s, 1H, NCHAr); 3.65-3.4 (m, 4H ipers-
zine); 2.39-229 (m, 4Hpiperazine). IR(KBr)v(cm-1): g5
3610-2980 (OH), 1665 (C=0), 1210 (C—0—0C).

That compound can also be obtained by replacing
HOBt with DMAP (4-dimethylaminopyridine).

60

20

By 'proceeding in the same manner but varying the
amines and the acids, the following compounds are
obtained.

EXAMPLE 2

7-HYDROXY-2-{4-[BIS(4-FLUOROPHENYL)ME-
THYLJPIPERAZIN-1-YLCARBONYL}-1,4-BEN-
ZODIOXIN

‘That compound is obtained in a yield of 76% starting
from 1-[bis(4-fluorophenyl)ymethyllpiperazine and 7-
hydroxy-1,4-benzodioxin-2-carboxylic acid.

Melting point: 221 ° C.

r

'H NMR (CDCl3), 6 (ppm): 7.36 (dd, 4H, 2 X Hy, Hg,
J23»=8.75 Hz, J» r=5.63 Hz); 7 (t, 4H, 2XHj3, Hsys,
J31=8.75 Hz, J3 p=8.75 Hz); 6.58-6.52 (m, 2H, Hj,
Hs); 6.29 (dd, 1H, Hg, J¢,5=28.13 Hz, J63=2.5 Hz); 6.23
(s, 1H, Hg, Jg ¢=2.5 Hz); 5.4 (s, 1H, OH); 4.27 (s, 1H,
N—CH—Ar); 3.69-3.63 (m, 4Hpjiperazine); 2.45-2.39 (m,
4Hpiperazine). IR(KBr)u(cm-1): 3610-3180-2900 (OH),
1650 (C=0), 1210 (=C—0—C).

EXAMPLE 3

6-HYDROXY-2-{4-[BIS(4-FLUOROPHENYL)ME-
THYLJPIPERAZIN -1-YLCARBONYL}-2,3-DIHY-
DRO-1,4-BENZODIOXIN |

That compound is obtained a yield of 80% starting
from 1-[bis(4fluorophenyl)methyl]piperazine and 6-
hydroxy-2,3-dihydro-1,4-benzodioxin-2-carboxylic
acid.

Melting point: 201 ° C.

F

IH NMR (CDCl3), 6§ (ppm): 7.4-7.3 (m, 4H, 2 X Ho,
Hg); 7 (t split, 4H, 2XHz, Hs, J3 2 =J3 r=8.69 Hz),
6.71 (d, 1H, Hg, J3 7=28.69 Hz); 6.4 (d, 1H, Hs, J57=3.16
Hz); 6.23 (dd, 1H, H7, J75=3.16 Hz, J73=28.69 Hz); 4.92
(s, 1H, OH); 4.92 (s, 1H, OH); 4.72 (dd, 1H, H,, J1=2.37
Hz, J»,=7.9 Hz); 443 (dd, 1H, H3,; J1=2.37 Hz,
J2=11.85 Hz); 4.29 (dd, 1H, H3p, J1=5.9 Hz, J,=11.85
Hz); 4.27 (s, IH, N—CH—AIr); 3.82-3.2 (m, 4Hpjperq-
zine); 2.5-2.32 (m, 4Hpiperazine). IR(KBr)v(cm-1):
3680-3000 (OH), 1630 (C=0), 1485 (C=C), 1210-11-
40-1085 (C—0O—C).
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EXAMPLE 4
7-HYDROXY-2-{4-[BISG-FLUOROPHENYL)ME-

THYL]PIPERAZIN -1-YL CARBONYL}-2,3-DIHY-
DRO-1,4-BENZODIOXIN

That compound is obtained in a vield of 65% starting
from 1-[bis(4-fluorophenyl)methyl]lpiperazine and 7- 20
hydroxy-2,3-dihydro-1,4-benzodioxin-2-carboxylic
acid.

Melting point: 136° C.

: o 25

HO O y, " 3 E

U T Y
6 3 o i
N
‘ O I\/ \"CH 1’

3 4 6 30
13 35

HO

IH NMR (CDCl3), 8 (ppm): 7.43-7.31 (m, 4H,
2X Hy, Hg'); 7.04-6.98 (m, 4H, 2 XH3y, Hs); 6.73 (d, 1H,
Hs, Js6=8.2 Hz); 6.43 (d, 1H, Hsg, Jg6=2.71 Hz); 6.34
(dd, 1H, He, Js8=2.71 Hz, J65=28.2 Hz); 5.2 (s broad,
1H, OH); 4.81 (dd, 1H, Hp, J535=2.53 Hz, J53,=3.05
Hz); 4.37 (dd, 1H, H3g, J352=3.05 Hz, J3,3,=6.32 Hz);
4.3-4.16 (m, 2H, CH—Ar, H3p); 3.8-3.5 (m, 4Hpiperazine);
2.53-2.29 (m, 4Hpiperazine). IR(KBr)v(cm-1): 3600-33-

33

00-3000 (OH), 1640 (C=0), 1220-1150 (C—O—C). 60
EXAMPLE 5
7-HYDROXY-6-TERT-BUTYL-2-{4-[BIS-(4-
FLUOROPHENYL) METHYLJPIPERAZIN-1-
YLCARBONYL}-2,3-DIHYDRO-1,4-BENZODI- 65

OXIN

That compound is obtained in a yield of 72% starting
from 1-[bis(4-fluorophenyl)methyllpiperazine and 7-

22
hydroxy-6-tert-butyl-2,3-dihydro-1,4-benzodioxin-2-
carboxylic acid.

Melting point: 165° C.

F

TH NMR (DMSO), 6 (ppm): 8.9 (s, 1H, OH); 7.45 (dd,
4H, 2XHy, He', Jo' 3:=8.08 Hz, Jor #=35.89 Hz); 7.14 (1,
4H, 2 XHsz, Hs, J3 2r=J3 p=8.08 Hz); 6.55 (s, 1H, Hj5);
6.3 (s, 1H, Hy); 5.04 (dd, 1H, H,, J»=2.21 Hz, J1=6.62
Hz);, 445 (s, 1H, N—CH—Ar); 4.22 (dd, 1H, Hj,,
J»=2.21Hz, J1=11.76 Hz); 4.02 (dd, 1H, H3;, J1=11.76
Hz, J2=6.62 Hz); 3.66-3.34 (m, 4 iperazine); 2.42~2.18
(m, 4Hpiperazine); 127 (s, 9H, (CH3)3C). IR(KBr)v{cm-1):
3640-3060 (OH), 1635 (C=0), 1495 (C=0), 1170-1070
(C—0O—C).

EXAMPLE 6

7-HYDROXY-6-TERT-BUTYL-2-{4-[BIS-(4-
FLUOROPHENYL) METHYLJPIPERAZIN-1-
YLCARBONYL}-1,4-BENZODIOXIN

That compound 1s obtained in a yield of 72% starting
from 1-{bis(4-fluorophenyl)methyl|piperazine and 7-
hydroxy-6-tert-butyl-1,4-benzodioxin-2-carboxylic
acid.

Melting point: 184° C.

O
8 o, IIN/\I
]?J/\K/N\
5 2 CH

N
F

F

IH NMR (DMSO), & (ppm): 7.34 (dd, 4H, 2 X Hy,
Hg, J» 3y=8.22 Hz, Jy r=5.05 Hz); 7 (1, 4H, 2XHz,
Hs, J3 2=J3 p=28.22 Hz); 6.74 (s broad, 1H, OH); 6.56
(s, 1H, Hz3); 6.45 (s, 1H, HS); 6.24 (s, 1H, Hg); 4.23 (5,
1H, NCHATr); 3.8-3.6 (m, 4Hipergzine); 2.6-2.2 (m, 4H
piperazine); 1.42 (s, SH, (CHj3);C). IR(KBr)v(cm-1):
3680-3210-3000 (OH), 1660 (C=0), 1600-1485
(C=C), 1290-1220 (=C—0—C).

EXAMPLE 7

6-HYDROXY-7-TERT-BUTYL-2-{4-[BIS-(4-
FLUOROPHENYL) METHYL|PIPERAZIN-I1-
YLCARBONYL}-2,3-DIHYDRO-1,4-BENZODI-
OXIN

That compound is obtained in a yield of 74% starting
from 1-jbis(4-fluorophenyl) methyllpiperazine and 6-
hydroxy-7-tert-butyil-2,3-dihydro-1,4-benzodioxin-2-
carboxylic acid.

Melting point: 174° C.
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I'H NMR (DMSO), & (ppm): 8.91 (s, 1H, OH); 7.45
(dd, 4H, 2XHg, Hy, J23=8.82 Hz, J» r=5.88 Hz);
7.14 (t, 4H, H3, Hs, J3 =713 r=28.82 Hz); 6.57 (s, 1H 3

O
8 o I .
Hg): 627 (s, 1H, Hs); 497 (dd, 1H, Hp, J;=22 Hz,  ; 2N /\ . 4
J2=7.4 Hz); 445 (s, 1H, NCHAr); 4.26 (dd, 1H, Has, , |
J1=22 Hz, J,=11.8 Hz); 4.02 (dd, 1H, Hap, J,=11.8 = 6 e \, AN 5
3 4

Hz, J;=7.4 Hz); 3.54-3.44 (m, 4Hpiperazine); 2.4-2.2 (m, g
4HP3:P€rEZfHE); 1.26 (S, 9H, (CH3)3C)- IR(KBI’)U(CIII—I):
3640-3000 (OH), 1630 (C=0), 1495 (C—=C), 1220-1175
(C—OC).

25
EXAMPLE 8 b
6-HYDROXY-7-TERT-BUTYL-2-{4-[BIS-(4- .
FLUOROPHENYL) METHYL ]PIPERAZIN-1- IH NMR (DMSO), & (ppm): 7.43 (dd, 4H, 2XHy,
YLCARBONYL}-1,4-BENZODIOXIN 30 He» J2,3=8.8 Hz, J» r=5.15 Hz); 7.12 (1, 4H, 2XHz,

‘That compound 1s obtained in a yield of 83% starting Hs, J3r or=J3 p=28.8 Hz); 6.92-6.78 (m, 4Hzromaric); 6.74
from 1-[bis-(4-fluorophenyl)methyl]piperazine and 6- (s, 1H, H3); 443 (s, 1H, N—CH-—Ar); 3.7-3.4 (m, 4H

hydroxy-7-tert-butyl-1,4-benzodioxin-2-carboxylic piperczine); 2.3-2.15 (m, 4Hpiperazine). IR(KBr)v(cm-1):
acid. 3610-3100-3000 (OH), 2980-2780 (CH,, CH3), 1690
Melting point: 242° C. | - (C=C), 1670 (C=0), 1620-1595 (C=C), 1240-12-
I
8 1 3 F
O ]V\N /\ ) 4
7 \/
3 N >
HO” ° % 9 S y
F

20-1150-1100 (=C—O0—C).

EXAMPLE 10

'H NMR (DMSO), & (ppm): 9.36 (s, 1H, OH); 743 6 HYDROXY-2-ANILINOCARBONYL-1.4-BEN-
(dd, 4H2 X Hy, H¢, J23r=28.32 Hz, Jp' r=5.88 Hz); 7.12 ZODIOXIN |
(t, 4H, 2XHy, Hy, J3,=J3,7=8.35 Hz); 6.64 (s, 1H, 55 Tpgay compound is obtained in a yield of 72% starting

H3); 6.52 (s, 1H, Hg); 6.24 (s, 1H, Hs); 444 (s, 1H,  from aniline and 6-hydroxy-l.4-benzodioxin-2-carboxy-
NCI'IAI); 3.60-3.46 (m, 4Hp;"pem;n); 2.5-2.1 (m, 4prperg. lic acid.

zine); 1.25 (s, 9H (CH3)3C). IR(KBr)u(cm-1): 3680-3010 Melting point: 210° C.
(OH), 1670 (C=0), 1600-1500 (C=C), 1220-1180
(—=C—0—0C). 60

EXAMPLE 9 | o 2 ’
2-{4-[BIS-(4-FLUOROPHENYL)METHYLIPIPER- g o , M 5
AZIN-1-YL. CARBONYL}-1,4-BENZODIOXIN ; 2 ..
That compound is obtained in a yield of 78% starting 65
from 1-[bis(4-fluorophenyl)methyl]piperazine and 1,4- HO o
benzodioxin-2-carboxylic acid. 3 4
Melting point: 156° C.
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IH NMR (DMSO0), 6 (ppm): 9.5 (s, 1H, OH); 7.68 (d,
2H, 2XXHy, Hg, J23»=7.9 Hz); 7.32 (t, 2H, Hz, Hs,
J=7.9 Hz); 7.0 (t, 1H, Hy, I=7.9 Hz); 7.07 (s, 1H, H3);
6.78 (d, 1H, Hs, Jg7=28.69 Hz); 6.37 (dd, 1H, H;,
J78=8.69 Hz, J75=3.16 Hz); 6.27 (d, 1H, Hs, J57=3.16 >
Hz); 4.64 (s, 1H, NH). IR(KBr)v(cm-1): 3610-3000
(OH), 3380 (NH), 1675 (C=0), 1635 (C=C), 1325
(C—-0), 1220-1180-1085 (=C—0-—C).

EXAMPLE 11

6-HYDROXY-2-ANILINOCARBONYL-2,3-DIHY-
DRO-1,4-BENZODIOXIN

'That compound is obtained in a yield of 75% starting
frown aniline and 6-hydroxy-2,3-dihydro -1,4-benzodi-
oxin-2-carboxylic acid.

Melting point: 147° C.

15

20

25

1H NMR (DMSO), 6(ppm): 10 (s, 1H, NH): 9.02 (s,
1H, OH); 7.62 (4, 2H, Hy, He,, J=7.58); 7.30 (t, 2H, Hz',
Hs, J=7.58 Hz); 7.07 (t, 1H, Hy, J=7.1 Hz); 6.81 (d,
1H, Hg, Jg7=28.29 Hz); 6.29-6.27 (m, 2H, H7, Hs); 4.81
(dd, 1H, Hp, J1=2.76 Hz, J,=6.32 Hz); 4.78 (d4d, 1H,
H3g, J1=2.76 Hz, Jp=11.45 Hz); 4.50 (dd. 1H, Hj,,
J1=11.45 Hz, J,=6.32 Hz). IR(KBr)v(cm-1): 3610-310-
O(OH),3370(NH), 1665(C=0), 1310-1185-1145-
(C—0O0—0.

30

EXAMPLE 12

7-HYDROXY-2-ANILINOCARBONYL-2,3-DIHY-
DRO-1,4-BENZOP DIOXIN

‘That compound is obtained in a yield of 65% starting
from aniline and 6-hydroxy-2,3-dihydro-1,4-benzodiox-

in-2-carboxylic acid.
Melting point: 158" C.
3

z
>
A
8 :
HO__ O _2 N .
| ¢
6 3 H
3 g
H (CDCl3), & (ppm): 8.33 (s, 1H, NH); 7.56 (d, 2H,
Hy, Hg, J=7.6 Hz); 7.35 (t, 2H, Hz, Hy, J=7.6 Hz);
7.16 (t, 1H, Hy, J=7.6 Hz); 6.79 (d, 1H, H;5¢=28.8 Hz);
6.57(d, 1H, Hs, J3 6=3.1 Hz); 6.41 (dd, 1H, Hg, J¢,5=28.8
Hz, Jes=3.1 Hz); 5.1 (s, 1H, OH); 4.79 (1H, H>,
J1=7.11 Hz, J»=3.16 Hz); 4.54 (dd, 1H, H3, J1=11.9 ¢
Hz, J»=3.16 Hz); 4.24(dd, 1H, Hj3; J;=11.9 Hz,
J2=7.11Hz). IR(KBrjv(cm-1): 3500-3000 (OH, NH),

(C—O—C).

45

30

55

EXAMPLE 13 65

T-HYDROXY-2-ANILINOCARBONYL-1,4-BEN-
ZODIOXIN

10

26

‘That compound is obtained in a yield of 63% starting
from aniline and 7-hydroxy-1,4-benzodioxin-2-carboxy-
lic acid.

Melting point: 206° C.

3 r
4!
2!

1 ﬁ
3 :
HO O : 5
N i
7 I | &'
6 3 H
O
) 4

1H NMR (CDCl3), ¢ (ppm): 7.83 (s, 1H, NH); 7.59 (d,
2H, Hy, He, J=7.9 Hz); 7.36 (t, 2H, Hy, Hy, J=7.9
Hz); 7.16 (1, 1H, Hy); 6.64 (d, 1H, Hs, J56=28.3 Hz); 6.38
(d, 1H, Hs, J3,6=2.8 Hz); 6.36 (dd, 1H, Hg, J63=2.8 Hz,
Jo5=2.3 Hz); 495 (s, 1H, OH). IR(KBr)v(cm-1):
3500-2980 (NH, OH), 3310 (NH gssociared), 1640 (C=0),
1220-1070 (C—0O—C).

EXAMPLE 14

6-HYDROXY-2-(N-BUTYLANILINOCAR-
BONYL)-I,4-BENZODIOXIN

That compound is obtained in a yield of 91% starting
{from N-butylaniline and 6-hydroxy-1,4-benzodioxin-2-
carboxylic acid.

Melting point: 124° C.

CHyCH,CH,CHj3

IH NMR (CDCl3), & (ppm): 7.4-7.18 (m, 5SHromatic,
N-—AT); 6.62 (s, 1H, H3); 6.14 (d, 1H, Hs, J57=2.9 Hz);
6 (dd, 1H, Hy, J73=8.3 Hz, J75=2.9 Hz); 5.71 (4, 1H,
Hg, Jg7=28.3 Hz); 5.14 (s, 1H, OH); 3.9-3.7 (m, 2H,
NCH2CHy); 1.56-1.47 (m, 2H, CH,CH>CH3); 1.5-1.2
(m, 2H, CH,CH3); 0.88 (t, 3H, J=7.3 Hz, CH,CH53).
IR(KBr)v(cm-1): 3610-2980 (OH), 3310 (NH), 1660
(C=0), 1595-1575-1490 (C=C), 1290-175-1130-1090
(=C—0--C).

EXAMPLE 15

T-HYDROXY-2-(IN-BUTYLANILINOCAR-
BONYL)-1,4-BENZODIOXIN

That compound is obtained in a yield of 78% starting
from N-butylaniline and 7-hydroxy-1,4-benzodioxin-2-
carboxylic acid.

Melting point: 156° C.

o
1 O
8 o I} '_ ,
| N1
| | 3 CH,CH>CH,CH3
-

O
4

TH NMR (CDCl3), 6 (ppm): 7.43-7.17 (m, 5Haromatic);
6.6 (d, 1H, Hg, J36=2.9 Hz); 6.44 (d, 1H, Hs, J56=28.7
Hz); 6.42 (s, 1H, H3); 6.20 (dd, 1H, Hg, J36=2.9 Hz); 8.7

HO
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Hz); 5.56 (s, 1H, OH); 3.76 (t, 2H, NCH,CH,, J=7.8
Hz); 1.7-1.48 (m, 2H, NCH,CH,CH>); 1.43-1.26 (m, EXAMPLE 18

2H, NCH,CH>,CH>CH3); 0.89 (i, 3H, J=7.31 Hz, 6-Hydroxy-7-tert-butyl-2-piperidinocarbonyl-1,4-ben-
CH;CH3). IR(KBr)u(cm-1): 3610-2980 (OH), 3210 zodioxin |

(NH), 1660 (C=0), 1590-1570-1485 (C=C), 1220-11- 5

55-1070 (=C—O0—C). EXAMPLE 19
6-Hydroxy-7-tert-butyl-2-hexamethyleneiminocarbo-

EXAMPLE 16 nyl-1,4-benzodioxin |
7-HYDROXY-2-[4-(2,3,4- TRIMETHOXYBENZYL)-
PIPERAZIN-1-YLCARBONYL]-1,4BENZODI- 10 EXAMPLE 20
OXIN 6-Hydroxy-7-tert-butyl-2-pyrrolidinocarbonyi-1,4-ben-

That compound is obtained in a yield of 73% starting zodioxin
from 1-(2,3,4-trimethoxybenzyl)piperazine and 7-
hydroxy-1,4-benzodioxin-2-carboxylic acid. EXAMPLE 21

Melting point: 93° C. 15 6-Hydroxy-2-(4-phenylpiperidinocarbonyl)-1,4-ben-

, O
HO : o , | /\
N
7 |
59

IH NMR (CDCl3), 8 (ppm): 2.55-2.46 (m, 4Hpipers.  zodioxin
ZfHE); 3.51 (S,2H, N—CHZ_AI); 3.68-3.6 (m, 4Hp;jpera.
zine); 3.87-3.89 (3s, 9H, 333 CH30); 6.25 (d, 1H, Hg, EXAMPLE 22
J36=2.08 Hz); 6.31 (dd, 1H, He, J68=2.08 Hz, J¢58.33 6-Hydroxy-2-(4-benzylpiperidinocarbonyl)-1,4-ben-
Hz); 6.53 (d, 1H, Hs, J56=8.33 Hz); 6.54 (s, 1H, Ha); 30 zodioxin
6.63 (d, 1H, Jy'2=8.3 Hz); 6.97 (d, 1H, J» '=8.3 Hz).

IR(KBrjv(cm-1): 3610-3010 (OH), 2980 (ArOCHj3), EXAMPLE 23

1640 (C=0), 1250-1080 (—C—0-). 6-Hydroxy-2-(4-methylpiperidinocarbonyl)-1,4-ben-
EXAMPLE 17 s zodioxin

7-HYDROXY-2-[4-(2,3,4- TRIMETHOXYBENZYL)- EXAMPLE 24

PIPERAZIN-1-YLCARBONYL]-2,3-DIHYDRO- 6-Hydroxy-2-[4-(4-fluorobenzoyl)piperidinocarbonyl]-

1,4-BENZODIOXIN 1,4-benzodioxin |

That compound 1s obtained in a yield of 65% starting

from 1-(2,3,4-trimethoxy benzyl)piperazine and 7- 40 EXAMPLE 25
hydroxy-2,3-dihydro-1,4-benzodioxin-2-carboxylic 6-Hydroxy-2-{4-[bis-(4-flaorophenyl)methylene]-
acid. piperidinocarbonyl }-1,4-benzodioxin
Melting point: 88° C.
, O
HO 8 o , I /\
N
>
T gl
5 2

EXAMPLE 26

1TH NMR (CDCl3), 8 (ppm): 2.42-2.52 (m, 4H piperazine; 55 2-14-[Bis-(4-fluorophenyl)methyl]piperidinocarbonyl }-
3.54 (s, 2H, N—CH2—Ar); 3.52-3.78 (m, 4Hpiperazine); 1,4-benzodioxin
3.69-3.87-3.89 (3s, 9H, CH30); 4.21 (dd, 1H, Hj;,
J,=11.44 Hz, J1=8.32 Hz); 4.4 (dd, 1H, Hs,, J;=2.08 EXAMPLE 27 _
Hz, Jy3=114 Hz); 4.82 (dd, 1H, Hy, J,=832 Hz, 6-Hydroxy-2-[N-(n-but-1-yl)aminocarbonyl}-1,4-ben-
J1=2.08 Hz); 6.33 (dd, 1H, He, J65=2.5 Hz, Js5=8.12 60 zodioxin
Hz); 6.44 (d, 1H, Hg, J36=2.5 Hz); 6.64 (d, 1H, Hs,

Js6=8.12 Hz); 6.74 (d, 1H, Hs, J=8.5 Hz); 6.97 (d, 1H, EXAMPLE 28
Hg, J=8.5 Hz). IR(KBr)v(cm-1): 3610-3000 (OH), 6-Hydroxy-2-(N,N-dipropylaminocarbonyl)-1,4-ben-
1660 (C=0), 1590 (C=C), 1150-1080 (C—O—C). zodioxin

EXAMPLES 18 TO 48 8 EXAMPLE 29

The following are obtained by proceeding in the 6-Hydroxy-7-tert-butyl-2-(N-methylanilinocarbonyl)-
same manner: 1,4-benzodioxin
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EXAMPLE 30

6-Hydroxy-7-tert-butyl-2-(N-butylanilinocarbonyl)-1,4-
benzodioxin

EXAMPLE 31 ”
6-Hydroxy-2-(3-methoxyanilinocarbonyl)-1,4-benzodi-
oxin

| EXAMPLE 32 10
6-Ethyl-2-anilinocarbonyl-1,4-benzodioxin

EXAMPLE 33
6-Hydroxy-2-(3,4,5-trimethoxyanilinocarbonyl)-1,4-
benzodioxin 15

EXAMPLE 34

6-Hydroxy-7-tert-butyl-2-(N-methyl-N-ben-
zylaminocarbonyl)-2,3-dihydro-1,4-benzodioxin

20

EXAMPLE 35
6-Hydroxy-2-(quinol-3-ylaminocarbonyl)-1,4-benzodi-
oxin

EXAMPLE 36 25
6-Hydroxy-2-(pyridin-2-ylaminocarbonyl)-1,4-benzodi-
oxin

EXAMPLE 37

6-Hydroxy-2-[(2,4-dimethylpyridin-6-yl)aminocar-

bonyl}-1,4-benzodioxin

EXAMPLE 33

6-Hydroxy-7-tert-butyl-2-{(2,4-dimethylpyridin-6-
ylaminocarbonyli-1,4-benzodioxin

EXAMPLE 39

6-Hydroxy-2-(4-propylpiperazin-1 -ylcarbonyl)-2,3-
dihydro-1,4-benzodioxin

EXAMPLE 40

7-Hydroxy-2-[4-(4-flucrophenyl)piperazin-1-ylcar-
bonyl]-2,3-dihydro-1,4-benzodioxin

EXAMPLE 41 435

-6-Hydroxy-2-[4-(pyrimid-2-yl)piperazin-1-ylcarbonyl]-
1,4-benzodicxin

335

EXAMPLE 42

6-Hydroxy-2-(4-benzylpiperazin-1-ylcarbonyl)-1,4-ben-
zodioxin

S0

EXAMPLE 43

6-Hydroxy-2-[4-(4-fluorobenzoyl)piperazin-1-yicar- 35
bonyi]-1,4-benzodioxin

EXAMPLE 44
6-Hydroxy-2-(4-phenethylpiperazin-1-ylcarbonyl)-1,4-
benzodioxin 60

EXAMPLE 45

2-{4-[Bis-(4-fluorophenyl)methyl]piperazin-1-ylcar-
bonyl}-2,3-dihydro-1,4-benzodioxin

EXAMPLE 46

6-Hydroxy-2-{4-[bis-(phenyl)methyl]piperazin-1-ylcar-
bonyl}-1,4-benzodioxin

63

30

EXAMPLE 47

6-Acetyl-2-{4-[bis-(4-flucrophenyl)methyl|piperazin-1-
ylcarbonyl 1-1,4-benzodioxin

EXAMPLE 438

7-Acetyl-2-14-[bis-(4-fluorophenyl)methyl]piperazin-1-
ylcarbonyl }-1,4-benzodioxin

EXAMPLE 49 AND 30

The following are obtained by proceeding as for
Preparation 3J:

EXAMPLE 49

6-Acetyl-1,4-benzodioxin-2-carboxamide
‘The compound 1s prepared starting from ethyl 6-acet-
yl-1,4-benzodioxin-2-carboxylate.

EXAMPLE 50

6-Acetyl-2,3-dihydro-1,4-benzodioxin-2-carboxamide
The compound is prepared starting from ethyl 6-acet-
yl-2,3-dihydro-1,4-benzodioxin-2-carboxylate.

EXAMPLE 351

6-METHOXY-2-{4-[BIS-(4-FLUOROPHENYL)ME-
THYL]JPIPERAZIN -1-YLCARBONYL}-1,4-BEN-
ZODIOXIN

Add 0.98 mmol of 60% sodium hydride suspended in
oil to a solution of 0.82 mmol of 6-hydroxy-2-{4-[bis-(4-
fluorophenyl)methyl]piperazin-1-ylcarbonyl}-1,4-ben-
zodioxin in 10 cm? of N,N-dimethylformamide under a
nmtrogen atmosphere. Stir for 15 minutes at room tem-
perature, then add dropwise 0.98 mmol of methyl io-
dide. Stir for 2 hours at room temperature and then
concentrate to dryness under reduced pressure and
purify the resulting crude product by chromatography
on a stlica column (eluant:petroleum ether/ethyl ace-
tate, 50:50). 6-Methoxy-2-{4-[bis-(4-fluorophenyl)me-
thyl]piperazin-1-ylcarbonyl }-1,4-benzodioxin is thereby
obtained 1n a yield of 83%.

Melting point: 65° C.

F

I'H NMR (CDCl3), & (ppm): 7.34 (dd, 4H, 2 X Hy, Hg,
J23v=8.63 Hz, J»» r=35.4 Hz); 6.98 (1, 4H, 2 XHz, Js,
J3 2 =J3 p=8.36 Hz); 6.56 (d, 1H, Hg, Jg37=8.8 Hz);
6.56 (s, 1H, H3); 6.36 (dd, 1H, H7, J73=8.8 Hz, J75=2.0
Hz); 6.28 4, 1H, Hs, J57=2.9 Hz); 4.25 (s, 1H, NCHATr);
3.70 (s, 3H, CH30); 3.72-3.66 (m, 4Hpiperazine); 2.5-2.3
(m,4Hpiperazine). IR(KBr)v(cm-1): 1660 (C=0), 1605
(C=0), 1575-1485 (C=CAr), 1215-1190-1125-1080
(= C-—-0—-C).

That compound can also be obtained by reacting
1-[bis-(4-flucrophenylmethylipiperazine = with  6-
methoxy-1,4-benzodioxin-2-carboxylic acid under the
conditions of Example 1.
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EXAMPLE 52 a saturated aqueous solution of sodium hydrogen car-

i bonate, dried over magnesium sulfate and then concen-
7-METHOXY-2-{4-[BIS-(4-FLUOROPHENYL)ME- trated under reduced pressure. The crude product is

THYL]JPIPERAZIN -1- YLCARBONYL}-1,4-BEN- then purified by chromatography on a silica column
ZODIOXIN 5 (eluant:petroleum ether/ethyl acetate, 70:30). 6-
That compound is obtained in a yield of 78% starting Nicotinoyloxy-2-{4-[bis-(4-fluorophenyl)methyl]piper-
from 7-hydroxy-2-{4-[bis-(4-fluorophenyl)methyl]pip- azin-1-ylcarbonyl }-1,4-benzodioxin is thereby obtained

erazin-1-ylcarbonyl}-1,4-benzodioxin in accordance in a yield of 95%.
with the 15 conditions in Example 51. Melting point: 142° C.

L '
8
o
l3 \/ N
0”6 o ~CH
5 i :

IH NMR (CDCls), & (ppm): 9.32 (d, 1Hpridine, Ha,

O 2 O | Jo- 6v=1.9 Hz); 8.94 (dd, 1Hpyridine, He”, 767,27=1.9 Hz.

/ 01 2 " B 25 J6”,S”_= 5.1 HZ); 8-39 (ddd, lHPyanne, H4”, J4",5”=8 HZ,
H:C I N /\l Jar2v=2 Hz); 7.45 (dd, 1Hpyridine, Hs”, J5 6-=5.1 Hz,
p ; N Js+ 47=8 Hz); 7.35 (dd, 4H, 2XH2>, Hg¢', J»3y=8.5 Hz,

S 0 \/ \ Jrrp =535 Hz); 699 (, 4H, 2XHsy, Hs,

4 CH Jyr=Jy F=8.5 Hz); 6.75-6.62 (m, 3H, Hg, H7, Hs);

30 6.58 (s, 1H, H3); 4.26 (s, 1H, NCHAr); 3.7-3.5 (m, 4H,;»
erazine); 2.6-2.3 (m, 4Hpiperazine). IR(KBr)v(cm-1):
2950-2740 (CHs, CHy), 1740 (C=0), 1675 (C=0),
1615 (C=C), 1265-1165 (=C—0~—C).

EXAMPLE 54

7-NICOTINOYLOXY-2-{4-[BIS-(4-FLUORO-

‘H NMR (CDCl3), 8 (ppm): 7.34 (dd, 4H, 2 X Hy, Hg, PHENYL)METHYL]PIPER[BAZI(N-I-YLCAR-
J2,3=3829 Hz, J2,r5.53 Hz); 6.98 (1, 4H, 2XH3, Hy,  BoNYL}.14-BENZODIOXIN

J 3",,?.‘;-T Ei_I,F= 3-22 Hz); 6.62 (4, 1?, Hs, J5,6=9.1 Hz); 6.6 That compound is obtained in a yield of 78% starting
(s, 1H, H3); 6.36 (dd, 1H, Hs, J65=9.1 Hz, J68=2.96 ,, from 7-hydroxy-2-{4-[bis-(4-fluorophenyl)methyl]pip-

Hz);, 623 (d, 1H, Hs, J36=2.96 Hz); 427 (5, 1H, © qors 1 o o
: : : * -1-ylcarbonyl }-1,4-benzodioxin and mnicotinoyl
NCHATr); 3.71 (s, 3H, CH30); 3.7-3.66 (m, 4Hpipé,0zime);  chloride by proceeding as for Example 53.

F 35

N

Lj\/ 8 | ﬁ' -
Y O
N

F

2.45-2.4 (m, 4Hpiperazine)- |
TH NMR (CDCl3), & (ppm): 9.33 (d, 1H,;ridine Ha,
EXAMPLE 53 Jo 6v=2.19 Hz); 8.85 (dd, 1Hyridime, He, Jer 57 =4.9 Hz,
6-NICOTINOYLOXY-2-{4-[BIS-(4-FLUOROPHE- 60 J¢4~=1.8 Hz); 8.38 (ddd, I1Hppridine, Ha», Ja 67=1.8
NYL) METHYL]JPIPERAZIN-1-YLCARBONYL}- Hz, J4 5v=1.9 Hz); 7.45 (dd, 1Hppridine, Hs ', Y5 47=7.9
1,4-BENZODIOXIN Hz, Js7 ¢=4.9 Hz); 7.33 (dd, 4H, 2 X Hy, Hg¢', Jo' 3r=8.6
Heat at reflux for 8 hours, under a nitrogen atmo- Hz, J»r=544 Hz); 698 (t, 4H, 2XHjz, Hs,
sphere, a solution of 1.37 mmol of 6-hydroxy -2-{4-[bis- Jyo=J3 r=8.6 Hz); 6.75-6.73 (m, 2H, Hi, Hs);
(4-fluorophenyl)methyl]piperazin-1-ylcarbonyl}-1,4- 65 6.63-6.61 (m, 2H, Hg, H¢); 4.25 (s, 1H, N—CH—AU1);
benzodioxin, 4.5 mmol of nicotinoyl chloride and 3.42 3.69-3.63 (m, 4Hpiperazine); 2.42-2.37 (m, 4Hpjperazine).
mmol of anhydrous pyridine in 25 cm?3 of dichloroeth- The following are also obtained by proceeding as for
ane. After cooling, the reaction mixture is washed with Example 53: |
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EXAMPLE 55

6-BENZOYLOXY-2-(IN-BUTYLANILINOCAR-
BONYL)-1,4BENZODIOXIN

EXAMPLE 56

6-(3,4,5-TRIMETHOXYBENZOYIL.OXY)-2-(N-
BUTYLANILINOCARBONYL  )-1,4-BENZODI-
OXIN

EXAMPLE 57

6-PROPANOYLOXY-2-{4-[BIS-(4FLUORO-
PHENYLYMETHYL]PIPERAZIN-1-YLCAR-
BONYL}-1,4-BENZODIOXIN

EXAMPLE 58

6-HYDROXY-2-{4-[BIS-(4-FLUOROPHENYL)ME-
THYL|PIPERAZIN-1- YLMETHYL}-1,4-BEN-
ZODIOXIN

Under a nitrogen atmosphere, heat at reflux for 3
hours, in the presence of 5 mmol of lithium aluminium
hydride, a solution of 2 mmol of 6-hydroxy-2-{4-[bis-(4-
fluorophenyl)methyl]piperazin-1-ylcarbonyl }-1,4-ben-
zodioxin in 35 cm? of diethyl ether. After cooling, hy-
drolysis, removal of the insoluble mineral compounds
by fiitration and drying over magnesium sulfate, the
compound obtained is purified by chromatography on a
column of silica (eluant:petroleum ether/ethyl acetate,
40:60). 6-Hydroxy-2-{4-[bis-(4-fluorophenyl)methyl]-
piperazin -1-ylmethyl}-1,4-benzodioxin is thereby ob-
tained 1n a vield of 85%.

Melting point: 190° C.

F

R

IH NMR (CDCi3) & (ppm): 9 (s, 1H, OH) ;7.34 (dd,
4H, 2XX Hy, He, J2' 3:=28.61 Hz, J» 7=35.55 Hz); 6.96 (1,
4H, 2XHz, Hs, J3 »=J3 r=28.61 Hz); 6.48 (d, 1H, H;,
Jg7=8.54 Hz); 6.23 (dd, 1H, H; J73=8.54 Hz,
J75=2.87 Hz); 6.14 (d, 1H, J57=2.87 Hz); 5.79 (s, 1H,
H3); 4.23 (s, 1H, NCHArx); 2.89 (s, 2H, CH)N):
2.63-2.36 (m, 8Hpjperazine). IR(KBr)u(cm-1): 3610-2985
(OH), 1695 (C=C), 1595-1495 (C=CAr), 1210-11-
80-1135-1075 (=C—0O-—-C).

The following compounds are obtained by proceed-
ing in the same manner:

EXAMPLE 39

7-HYDROXY-6-TERT-BUTYL-2-{4-[BIS-(4-
FIL.UOROPHENYLYMETHYL |PIPERAZIN-1-
YLMETHYL}-2,3-DIHYDRO-1,4-BENZODIOXIN

That compound is obtained in a yield of 65% starting
from 7-hydroxy-6-tert-butyl-2-{4-[bis-2-(4-fluoro-
phenyl)methyl]piperazin-1-ylmethyl}-2,3-dihydro-1,4-
benzodioxin.
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s O CH

F

IH NMR (CDCI3), & (ppm)+D,0: 7.32 (dd, 4H,
2XHy, He, Jo133=8.45 Hz, J» 7=5.88 Hz); 6.96 (t, 4H,
2X Hy, Hy, I3 o=J3 p=8.45 Hz); 6.75 (s, 1H, Hs); 6.26
(s, 1H, Hg); 4.41-4.29 (m, 1H, Hj); 4.18 (s, 1H, N—-
CH—ATr);4.16 (dd, 1H, H3p, J1=11.4 J3=1.47 Hz); 3.86
(dd, 1H, Hzp, J1=11.4 Hz, J,=6.62 Hz); 2.65-2.42 (m,
10H, 8Hpiperazine-+CHy—N); 1.35 (s, 9H, (CHj3)30).

EXAMPLE 60
7-HYDROXY-6-TERT-BUTYL-2-{4-[BIS-(4-

FLUOROPHENYLYMETHYL]JPIPERAZIN-1-
YLMETHYL}-1,4-BENZODIOXIN

That compound is obtained in a yield of 86% starting
from 7-hydroxy-6-tert-butyl-2-{4-[bis(4-fluorophenyl)-
methyl]piperazin-1-ylmethyl}-1,4-benzodioxin.

Melting point: 186° C.

8
d

O

F

HO

TH NMR (CDCl3), & (ppm): 7.33 (dd, 4H, 2 X Hy, Hg,
J» 3»=8.46 Hz, J» r=35.15 Hz); 6.98 (t, 4H, 2 X Hz', Hs,
J3 =Ty p=28.46 Hz); 6.56 (s, 1H, H3); 6.45 (s, 1H, Hs);
6.23 (s, 1H, OH); 6.20 (s, 1H, Hg); 4.23 (s, 1H, NCHAr);
3.67-3.60 (m, 4Hpiperazine); 2.40-2.33 (m, 6H, 4Hpiperazi-
ne+CHy—N); 1.31 (s, SH, (CH3)30). IR(KBr)v(cm-1):
3610-3280-3100-3000 (OH), 1595-1495 (C=0).

EXAMPLE 61

6-HYDROXY-7-TERT-BUTYL-2-{4-[BIS-(4-
FLUOROPHENYLMETHYL]PIPERAZIN-1-
YLMETHYL}-2,3-DIHYDRO-1,4-BENZODIOXIN

That compound is obtained in a yield of 73% starting
from 6-hydroxy-7-tert-butyl-2-{4-[bis(4-fluorophenyl)-
methyljpiperazin-1  -ylmethyl}-2,3-dihydro-1,4-ben-
z0d10X1n.
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EXAMPLE 73
> o', F  6-HYDROXY-2-(N,N-DIPROPYLAMINOME-
; j/\N /\ /O/ . THYL)-14-BENZODIOXIN _
HO” N 0 3 \/ SN 'EXAMPLE 74

F

~ IHNMR (CDCl3), 6 (ppm): 7.33 (dd, 4H, 2 X H>, Hg,

Jo 3r=8.8 Hz, J» r=5.15 Hz); 6.96 (t, 4H, 2 XH3’, Hs,
J3 »=J3 r=8.8 Hz); 6.76 (s, 1H, Hy); 6.24 (s, 1H, Hs);
4.28-4.15 (m, 3H, Hy, H3,;, NCHAr); 2.7-2.51 (m, 6H,
4H piperazine, CHaN); 2.5-2.2 (m, 4Hpiperazine); 1.37 (s, 9H,
(CH3)30).

The following are also obtained in the same manner:

EXAMPLE 62

6-HYDROXY-2-(N-BUTYLANILINOMETHYL)-
1,4-BENZODIOXIN

EXAMPLE 63
6-HYDROXY-7-TERT-BUTYL-2-(N-
BUTYLANILINOMETHYL)-1,4-BENZODIOXIN

EXAMPLE 64

6-HYDROXY-7-TERT-BUTYL-2-(N-
BUTYLAMINOMETHYL)-2,3-DIHYDRO-1,4-
BENZODIOXIN

EXAMPLE 65

6-METHOXY-2-{4-UBIS-(4-FLUOROPHENYL )-
METHYL]PIPERAZIN-1-YLMETHYL }-1,4-BEN-
ZODIOXIN

EXAMPLE 66

6-HYDROXY-2-[(2,4DIMETHYLPYRIDIN-6-
YL)AMINOMETHYL]-1,4BENZODIOXIN

EXAMPLE 67

6-ETHYL-2-ANILINOMETHYL-1,4-BENZODI-
OXIN

EXAMPLE 68
6-HYDROXY-2-[4-(PYRIMID-2-YL)PIPERAZIN-1-
YLMETHYL]-1,4-BENZODIOXIN

EXAMPLE 69

7-HYDROXY-2-[4-(2,3,4-TRIMETHOXYBENZYL)-
PIPERAZIN-1-YLMETHYL]}-1,4-BENZODIOXIN

EXAMPLE 70

6-HYDROXY-7-TERT-BUTYL-2-
PIPERIDINOMETHYL-1,4-BENZODIOXIN

EXAMPLE 71

6HYDROXY-2-(4-PHENYLPIPERIDINOME-
THYL)-1,4-BENZODIOXIN

EXAMPLE 72

6-HYDROXY-2-{4-[BIS-(4-FLUOROPHENYL)ME-
THYLENE|PIPERIDINOMETHYL }-1,4-BEN-
ZODIOXIN
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T-METHOXY-2-(N,N-DIPROPYLAMINOME-
THYL)-2,3-DIHYDRO-1,4-BENZODIOXIN

EXAMPLE 75

7-HYDROXY-2-[4-(4-FLUOROPHENYL)PIPERA-
ZIN-1-YLMETHYL]-2,3-DIHYDRO-1,4-BENZODI-
OXIN

EXAMPLE 76

2-{4-[BIS-(4-FLUOROPHENYL)METHYL]PIPER-
AZIN-1-YLTHIOCARBONYL}-1,4-BENZODI-
OXIN

Add 0.054 g (0.12 tool) of pentaphosphorus disulfide
(P4S10) and 0.555 g (6.7 mmol) of solid sodium hydro-
gen carbonate in succession to 0.5 g (1.1 mmol) of the
compound obtained in Example 9 dissolved in 8 ml of
toluene and 2 ml of acetonitrile, under an inert atmo-
sphere. Heat at reflux for 8 hours, then cool and wash

-abundantly with methylene chloride. After concentra-

tion of the reaction mixture to dryness under reduced
pressure, the crude product is purified by chromatogra-
phy on a silica column (eluant:petroleum ether/ethyl
acetate, 70:30). The expected compound is obtained in a
yield of 80%. |

LI LY

F

IH NMR (CDCls), 6 (ppm): 7.38 (d4d, 4H, 2 XHy, Hg',
J2 37=28.46 Hz, Jo» r=5.15 Hz); 7.01 (t, 4H, 2 XHz, Hs;,
J3,2r=Jy r=8.46 Hz); 6.89-6.58 (m, 5H, 4Horomaric, H3);
4.3 (s, 1H, NCHAr); 4.2-3.87 (m, 4H, Hpiperazine);
2.67-2.43 (m, 4Hjpipperazine). IR(KBr)v(cm-1): 1290
(C=S9).

EXAMPLE 77

6-HYDROXY-2-14-[BIS(4-FLUOROPHENYL)ME-
THYL]JPIPERAZIN-1-YLTHIOCARBONYL}-1,4-
BENZODIOXIN

METHOD A

17 mmols of the compound obtained in Example 1 are -
dissolved in 125 cm3 of anhydrous toluene. 10.2 mmols
of Lawessons’s reagent are added and the whole is
heated at reflux for 6 hours. After evaporation of the
solvent and purification on a column of silica (eluant:di-
chloromethane), the product is obtained in a yield of
12% 1m the form of an oil.
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NCHAr); 3.7-3.60 (m, 4Hpiperazine); 2.45~2.36 (m, 4H ip-
erazine); 2.25 (s, 3H, CH3CQOO).

5 /
IR (KBr) v (cm™1): 1770 (C~—~CH3); 1630 (C—N ).

AN

I I
O O

10 Step 2

6-Acetoxy-2-{4-[bis(4-fluorophenyl)methyl]piperazin-
F 1-ylthiocarbonyl }-1,4-benzodioxin

Dissolve 0.5 g (0.99 mmol) of the compound obtained
'H NMR (CDCI3), § (ppm): 7.36 (dd, 4H, 2 X Hy", Hg, in the preceding step in 8 ml of anhydrous toluene. Add
J2,3=8.59 Hz, Jy r=35.42 Hz); 7 (t, 4H, 2XHy, Hs, 15 0.49 g (0.99 mmol) of Lawesson’s reagent and heat at
Jy r=J3 p=8.59 Hz); 6.6 (s, 1H, H3); 6.48 (d, 1H, Hsg, reflux for 12 hours. After concentration of the reaction
Jg,7=8.60 Hz); 6.30 (dd, 1H, H; J;5=2.89 Hz, mixture to dryness under reduced pressure, the product
J7,3=28.60 Hz); 6.23 (d, 1H, Hs, J57=2.89 Hz); 4.28 (s, is purified by chromatography on a silica column
1H, NCHAr); 4.12-3.92 (m, 4Hpiperazine); 3.45 (s, 1H, (eluant:petroleum ether/ethyl acetate, 70:30). The thi-

OH); 2.57-2.47 (m, 4Hpjperazine). IR(KBr)u(cm-1): 20 oamide is obtained in a vield of 78% as a foam.

S
Il
2 N

01
|3 K/ N
I—I;:.CAO 6 O ~ScHTr
4

F

3600-2980-2600 (OH); 1280 (C=NS). TH NMR (CDCh), 8 (ppm): 7.36 (dd, 1H, 2 X H>, He,
METHOD B 35 Jo F==5.41 Hz, Jy'3y=8.53 Hz); 7 (t, 2H, 2XHsz, Hs,
Step 1: ; 3*,2*=Jéf,1:=HSz.53 6Hz);, 6.65-6.6 (m, J2H,, Hj, II:II;,
_ ) : : =8.62 ;6. dd, 1H, Hj, =2.47 :
&Acetoxy—Z-{#-[bls(4~ﬂuor0pheny1)n_1&tl_1yl]p1perazm— 132;2 R 6 Hz);_):é. 497(5 d, (1H, HSI;I J5,7;2- 4;’51_12); 4.28 (s,
I-ylcarbonyl}-1,4-benzodioxin 1H, NCHAT); 4.13-3.90 (m, 4Hpjperazine); 2.56-2.45 (m,
Dissolve 0.5 g (1.07 mmol) of the compound obtained 40 4Hpergzine); 2.24 (s, 3H, CH3COO). IR(film)v(cm-1):
in Example 1 at 0° C. in 0.255 ml (2.7 mmol) of acetic 1765 (C=0); 1295 (C=N).
anhydride under an inert atmosphere. Add 2 volumes of
pyridine (0.5 10 ml) and continue stirring while return- Step 3
ing to room temperature for a period of 1 h 30. Neutral- 6-Hydroxy-2-{4-[bis(4-fluorophenyl)methyl]-piperazin-
ise with a saturated sodium hydrogen carbonate solu- 45 1-ylthiocarbonyl}-1,4-benzodioxin
tion. After extraction with ether (2} 25 mi), the product Add 0.150 cm? of a molar solution of sodium me-
1s purified by chromatography on a silica column thanolate in methanol to a solution of 0.5 g of the ace-
(eluant:ethyl acetate/petroleum ether, 20:80) and ob- toxylated thioamide compound above (0.96 mmol) in 5

tained in pure form as a solid in a yield of 92%. cm3 of anhydrous methanol under a nitrogen atmo-
Meiting point: 69° C. 50 sphere. Stir at room temperature for 3 hours and then
I
; 1
O ” N /\ ,
P |
3 I\/ N
Ha CA o~ 6 o ~ CH
5 4

F

IH NMR (CDCl3), & (ppm): 7.35 (dd, 4H, 2 X Hy, Hg,
J2 3r=8.57 Hz, J» 7=5.47 Hz); 6.93 (t, 4H, 2 XHs, H3, 65 neutralise with Dowex X-8 acid resin which has been
J3 2»=J3 p=8.57 Hz); 6.63-6.61 (m, 2H, H;, Hjg, washed beforehand with methanol. After filtration and
Jg7=28.39 Hz); 6.57 (dd, 1H, H;, J;5=2.48 Hz, evaporation in vacuo, the crude product obtained is
J7,8==8.39 Hz); 6.48 (d, 1H,H57=2.48 Hz); 4.25 (s, 1H, purified by chromatography on a silica column (eluant-
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:petroleum ether/ethyl acetate 30:70). The phenolic

thioamide is thereby obtained in a yield of 90% in the

form of an oil. Total yield from the 3 Steps: 64.5%.
The following are obtained in the same manner:

EXAMPLE 78

7-HYDROXY-6-TERT-BUTYL-2-{4-[BIS(4-
FLUOROPHENYL)METHYL]PIPERAZIN-1-
YLTHIOCARBONYL }-2,3-DIHYDRO-1,4-BEN-
ZODIOXIN

Obtained starting from the compound of Example 5.

EXAMPLE 79

6-HYDROXY-2-(N-BUTYLANILINOTIHOCAR-
BONYL)-1,4-BENZODIOXIN
Obtained starting from the compound of Example 14.

EXAMPLE 80

7-HYDROXY-2-[4-(2,3,4-TRIMETHOXYBENZYL)-
PIPERAZIN-1-YETHIOCARBONYL]-1,4-BEN-
ZODIOXIN

Obtained starting from the compound of Example 16.

EXAMPLE 81

6-HYDROXY-2-(4-PHENYLPIPERIDINOTHI-
OCARBONYL)-1,4-BENZODIOXIN
Obtained starting from the compound of Example 21.

EXAMPLE 82

6-HYDROXY-2-[4-(4-FLUOROBENZOYL)-
PIPERIDINOTHIOCARBONYL]-1,4-BENZODIO
XIN

Obtained starting from the compound of Example 24.

EXAMPLE 83

6-HYDROXY-2-((QUINOLIN-3-YL)AMINOTHI-
OCARBONYL)-1,4-BENZODIOXIN
Obtained starting from the compound of Example 35.

EXAMPLE 84

6-(3,4,5-TRIMETHOXYBENZOYLOXY)-2-(N-
BUTYLANILINOTHIOCARBONYL  )-14-BEN-
ZODIOXIN

Obtained starting from the compound of Example 56.

EXAMPLE 85 *

6-NICOTINOYLOXY-2-{4-[BIS-(4-FLUORO-
PHENYL)METHYL]PIPERAZIN-1- YLTHI-
OCARBONYL}-1,4-BENZODIOXIN

Obtained starting from the compound of Example 53. 50

PHARMACOLOGICAL STUDY
EXAMPLE A
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scribed by B. Vedie et al., Journal of Lipid Research, 32,
1359-1369, (1991). By that method it was possible to
identify 5 peaks corresponding to different degrees of
L. DL oxidation. Peaks A and B correspond to the native
forms of LDL and peaks C, D and E correspond to the
different states of oxidation of the LDLs (peak E corre-
sponding to the most oxidised form). The results are
expressed as a percentage of the LDLs corresponding
to those different states of oxidation. A protective effect
of a compound with respect to oxidation induced by
copper 1s demonstrated by a displacement of the E form
towards the D form, or even towards the C form or the
B form for the most powerful compounds.

TABLE I
Protective activity against LDL oxidation
OXIDISED FORMS
SEPARATED BY FPLC A B C D E
Control without Cut+ 100%
Control with Cu++ 3% 25%
Cu+t - probucol (10 pM) 80% 20%

Cut* + compound of Example 95% 5%

1 (10 uM)

The compounds of the invention are remarkably active
in that test with activities far superior to those ascer-
tained for probucol which is used as a reference.

EXAMPLE B

Study of the protective activity against LDL oxidation
(determination of malonic dialdehyde)

Purified human LDLs are incubated in the presence
of copper sulfate at a concentration of 5.10—6M in the
absence or presence of the compounds being studied.
‘The activity of the tested products is evaluated by cal-
culating the concentration that reduces the production
of malonic dialdehyde (MDA) by 50% (ICso) compared
with control experiments carried out in the absence of
the product. The compounds of the invention are re-
markably active in that test, with ICsgs (about 10—7M)
very considerably lower than those determined for
probucol.

EXAMPLE C

Measurement of haemolysis induced by AAPH

Human red blood corpuscles are placed for a period
of 30 minutes at 37° C. in the presence of AAPH, which
generates free radicals at a constant rate, and in the
presence or absence of the compounds being studied.
The optical density of the supernatant is measured at
403 nm compared with the control without AAPH. The
percentage inhibition of haemolysis is calculated by
comparison with the 100% haemolysis obtained for the
AAPH control.

TABLE II
% inhibition at 10~ M of AAPH haemolysis
EXAMPLE 1 2 3 10 11 12 13 17
Inhibition 62% 100% 88% 100% 100% 100% 100%  100%

Study of the protective activity against LDL oxidation 60
(electrophoretic method)

The capacity of the compounds of the invention to
decrease the proportions of oxidised LDLs was mea-
sured by incubating a preparation comprising native
human LDLs, a Cu2+ free radical generator, and the
compounds to be tested for 24 hours. The oxidation
products are determined by FPLC (Fast Protein Liquid
Chromatography) in accordance with the method de-

65

The compounds according to the invention thus dem-

onstrate a remarkable cell-protecting activity against
the toxicity of the radicals induced by AAPH.

EXAMPLE D

Demonstration of antithypoxic activity in vivo
Male mice (Swiss CD 1 ) weighing from 25 to 30 g
are, before any experiment, housed for one week under
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conditions customary for animals (20°-22° C., 55%
humidity, light/darkness cycle 12/12, commercial feed
and water as desired). The mice are placed in a box
(7X5X5 cm) in which an atmosphere poor in oxygen is
created by passing through a stream of air (96% N», 4%
O3, 12 1/min). The time taken until the first signs of
suffocation (or “gasps’) occur is measured. The mice
receive a dose of the compounds to be tested by the
intraperitoneal route 30 minutes before the hypoxia is g
induced. Vincamine 1s used as the reference drug.

.

TABLE I1I
Demonstration of the antihypoxic activity
TIME UNTIL THE FIRST 15
DOSE GASPS OCCUR

TREATMENT (mg/kg) (in seconds)
Control — 36 1= 4
Vincamine 2,5 tnactive
Vincamine 20 147 *= 14 (significant) 20
Example 1 2,5 108 (significant)
Example 10 2,5 97 (significant)

‘The results show that the compounds of the invention
are significantly active in that test at doses far below
those of vincamine (reference product).

EXAMPLE E

Measurement of lipoxygenase activities The measure-
ments are carried out on rabbit granulocytes. The iso-
lated granulocytes are stimulated in vitro by the cal-
clum ionophore A 23 187. The B4 leukotrienes released
in the extracellular medium are measured by Radio
Immuno Assay (RIA). The results (average of 3 inde-
pendent measurements) are expressed as a percentage
inhibition compared with the control.

In that study the compound of Example 1 (10 uM)
exhibits an inhibiting activity of 62%.

EXAMPLE F

Measurement of antiaggregation activity

In that study, the compounds of the invention (100
p/ml) were tested with the aim of quantifying their
ability to inhibit the maximum non-reversible platelet
aggregation (rabbit plasma rich in platelets) induced by
sodium arachidonate (50 p/ml). Thus the minimum
active concentration for the compound of Example 1 is
20 uM. |

EXAMPLE G

Anticalcic activity

The anticalcic activity was studied in the thoracic
aorta of male Wistar rats. Once they have been intro-
duced into experimental vessels containing a physiolog-
ical solution, the vascular rings are subjected to an ini-
tial tension of 2 g. The preparations are then placed in
the presence of a hyperpotassic solution (60 mM of
potassium chloride) in order to obtain a sustained con-
tractile response. Increasing concentrations of the prod-
uct being tested are then added for the period necessary
to obtain a stable effect.
- Each compound of the invention is thus tested in 2

preparations at § concentrations (10—3M to 3 X 10—5M)

{0 obtain a concentration-effect curve and determine
the 1Csp.
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TABLE IV

Inhibition of the concentration of the thoracic
aorta of rats induced by potassium chloride

Example ICs0 (M)
1 0,5
58 0,6
EXAMPLE H

Hypolipaemic activity

Groups each comprising 6 mice are rendered hyper-
cholesterolaemic by a diet that is high in cholesterol and
in cholic acid for 7 days. The compounds of the inven-
tion are administered p.o. (100 mg/kg) on the 6th and
7th day (half the dose being administered on day 6 and
the other half on day 7). The animals are then left with-
out food and drink for one night. The reduction in the
concentration of cholesterol in the serum compared
with hypercholesterolaemic control mice is then evalu-
ated, as 1s also the reduction in concentration of lipopro-
tems (corresponding to the LDL-VLDL f{ractions),
after precipitation by the addition of heparin to the
serum, 1n the same hypercholesterolaemic mice com-
pared with the control animals.

The compound of Example 58 caused a significant
reduction in the total cholesterol (33% at 100 mg/kg
p.0.) and a significant reduction in the LDL-VLDL
fraction (35% at 100 mg/kg p.o.).

EXAMPLE I

Serotoninergic activity

The experiments are carried out on membranes pre-
pared from the cerebral cortex of male Wistar rats
(CERIJ, le Genest St Isle). The binding measurements
are carded out using ketanserine as reference com-

pound. The conditions of the experiment are summa-
rised below:

Re-
ceptor Ligand Concentrations Non-specifics Incubation
5-HT2 [PHjketan- 0.5 nM ketanserine 40
serine (1 uM) min/25° C.

After incubation, the membranes are quickly filtered.
‘The filtrates are then transferred to flasks containing
scintillation liquid and the bound radioactivity is deter-
mined by a liquid scintillation counter (LS6000, Beck-
man). The affinity of the compounds of the invention
for the 5-HT> receptors is evaluated, at the concentra-
tion 10 uM (n=3), using competition experiments.
Under those conditions the compound of Example 58
demonstrated an inhibiting activity of 79%.

EXAMPLE J
Pharmaceutical composition: tablets

Preparation formula for 1000 50 mg tablets

Compound of Example 1 50 g
wheat starch 15¢g
maize starch 15 g
lactose 63 g
magnesium stearate 2g
silica lg
hydroxypropyl cellulose 2g

We claim:
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1. A compound selected from those of formula (I): -continued
r« NG
0 ° Rm
]\/I':' - and the group >CH —
R ’ l!'li \R4
e
wherein: R7)p
R1 and R, which are the same or different, are each eres
- wherein:
selected, mdep_nendently of the othe, f1:om h.y dn:.)- 15 m and p, which are the same or different, each inde-
gen, alkyl having 1 to 6 carbon atoms inclusive in pendently represents the value 0, 1, 2, 3, 4, or 5,
straight or branched chain, hydroxy, alkoxy having Rs and Ry, which are the same or different, are each
1 to 5 carbon atoms inclusive in straight or selected, independently of the other, from halogen,
branched chain, a group: | hydroxy, straight-chain or branched alkyl having 1
20 to 5 carbon atoms inclusive, alkoxy, haloalkyl, and
polyhaloalkyl,
~—~C~Rs, and a group —O—C—Rs5, q 1s selected from O and 1,
¢';I) g E is selected from hydrogen, alkyl having 1 to 5
| carbon atoms inclusive in straight or branched
wherein R;s is selected from alkyl having 1 to 5 * chain, aryl, and aralkyl, and the group:
carbon atoms inclusive in straight or branched
chain, optionally substituted aryl selected from
phenyl and naphthyl, optionally substituted aralkyl 30
selected from phenyl and naphthyl attached to an Re)m
alkyl chain having 1 to 4 carbon atoms inclusive,
optionally substituted pyridyl, inclusive,
R3 and R4, which are the same or different, are each
selected, independently of the other, from hydro- 33
gen, alkyl having 1 to 5 carbon atoms inclusive in R7)p
straight or branched chain and being optionally
substituted, and phenyl and benzyl each of which wherein Rg, R7, m and p are as defined hereinbefore,
may optionally be substituted by one or more ¥ with the proviso that, when X=O and

chemical entities selected from the radicals defined
for Rj or Ry, or R3and Ry, together with the nitro-
gen atom to which they are attached, form a het-
erocycle of formula (I")

(CH)),, I
/ "\

—N T

_/

wherein
n 1s selected from 0, 1, 2 and 3,
T 1s selected from oxygen, the group

\N C E,
/ —fnT
O
q
- the grou \CH C E
* _Euj_ ’
O q

45

50

35

Ri1=R3=H, T cannot represent CH> or quinazoli-
nyl-2-ylamino,

and X is selected from O, S and H,,
it being understood that, unless indicated otherwise, the
expression “optionally substituted” indicates an op-
tional substitution by one or more radicals selected from
hydroxy, nitro, cyano, alkyl, alkoxy, acyl, haloalkyl,
polyhaloalkyl, amino, alkylamino and dialkylamino, the
alkyl chains of the alkyl, alkoxy, acyl, haloalkyl,
polyhaloalkyl, alkylamino and dialkylamino groups
having 1 to 5 carbon atoms inclusive in straight or
branched chain, their possible stereoisomers, N-oxides,
and pharmaceutically-acceptable addition salts with an
acid or a base. |

2. A compound according to claim 1 selected from
those, wherein X represents oxygen, their possible ste-
reoisomers, N-oxides, and pharmaceutically-acceptable
addition salts with an acid or a base.

3. A compound according to claim 1 selected from
those, wherein X represents sulfur, their possible stereo-
isomers, N-oxides, and pharmaceutically-acceptable
addition salts with an acid or a base.

4. A compound according to claim 1 selected from
those, wherein X represents H», their possible stereoiso-
mers, N-oxides, and pharmaceutically-acceptable addi-
tion salts with an acid or a base.

5. A compound according to claim 1 selected from
those, wherein R3 and R4, together with the nitrogen
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atom to which they are attached, form a substituted
piperazinyl radical, their possible stereoisomers, N-
oxides, and pharmaceutically-acceptable addition salts
with an acid or a base.

6. A compound according to claim 1 selected from
6-hydroxy-2-{4-[bis-(4-fluoropheny)methyl]piperazin-
1-ylcarbonyl }-1,4-benzodioxin, and pharmaceutically-
acceptable addition salts thereof with an acid or a base.

7. A compound according to claim 1 selected from
6-hydroxy-7-tert-butyl-2-{ 4-[bis-(4-fluorophenyl)me-
thyllpiperazin-1-ylcarbonyl }-1,4-benzodioxin, and
pharmaceutically-acceptable addition saits thereof with
an acid or a base.

8. A compound according to claim 1 selected from
6-hydroxy-2-14-[bis-(4-flucrophenyl)methyl]piperazin
-1-ylmethyl}-1,4-benzodioxin, and pharmaceutically-
acceptable addition salts thereof with an acid or a base.

9. A compound according to claim 1 selected from
6-hydroxy-2-(N-butylanilinocarbonyl)-1,4-benzodioxin,

and pharmaceutically-acceptable addition salts thereof

with an acid or a base.
10. A compound selected from those of formula (XI)

10

15

20

which are useful as intermediates in the preparation of ,s

compounds of formula (I):

(XI)

R3

wherein:

30
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Rjand Rj, which are the same or different, are each
selected, independently of the other, from hydro-
gen, alkyl having 1 to 5 carbon atoms inclusive in
straight or branched chain, hydroxy, alkoxy having
1 to 5 carbon atoms inclusive in straight or
branched chain, a group:

—C—Rs, and a group —O—C—Rj,

| i

O O
wherein Rs is selected from alkyl having 1 to 5
carbon atoms inclusive in straight or branched
chain, optionally substituted aryl selected from
phenyl and naphthyl, optionally substituted aralkyl
selected from phenyl and naphthyl attached to an
alkyl chain having 1 to 4 carbon atoms inclusive,
optionally substituted, pyridyl, inclusive,

Ry 1s selected from hydrogen and alkyl having 1 to 5
carbon atoms inclusive in straight or branched
chain, with the following proviso

when R and Rj each represents hydrogen Rg cannot
represent ethyl, and also their possible stereoiso-
mers.

11. A method for treating a mammal afflicted with a
disease requiring an anti-oxidant having a protective
activity in lipid peroxidation processes, comprising the
step of administering to said mammal an amount of a
compound of claim 1 which is effective for alleviation
of said disease.

12. A pharmaceutical composition useful in treating a
disease requiring an antioxidant, which contains as ac-
tive ingredient an effective antioxidant amount of a
compound according to claim 1, in combination with a

pharmaceutically-acceptable excipient or vehicle.
® 0k X X




UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENTNO. :5,420,132
DATED :May 30, 1995 Page 1 of 4

INVENTOR(S) : Gérald Guillaumet, Gérard Coudert, Valérie Thiery, Gerard Adam, Jean-Guy-
Bizot-Espiard, Bruno Pfeiffer, Pierre Renard

It is certified that error appears in the above-indentified patent and that said Letters Patent is hereby
corrected as shown below:

Column 2, line 5; delete the "15"

Column 4, line 57; "OID" should read -- (III) --

Column 4, line 60; "(lift" should read -- (IIf --

Column 5, approximately line 7; formula identification "(Va)"”
should read formula identifcation -- X --

Column 12, line 31; "6,6" should read -- 6.6 --

Column 13, line 54; "(rid," should read -- (dd, --

Column 13, .line 55; "J, " should read -- J,; s -~

Column 16, line 38; "J,," should read -- J;; --

Column 16, line 49; insert a -- * -- before the word "ethyl"” at

the beginning of the line.
Column 16, line 64; "H,b)." should read -- Hy). --

Column 16, line 65; insert a -- * -- before the word "ethyl" at
the beginning of the line.

Column 17, line 13; insert a -- * -- before the word "ethyl" at
the beginning of the line.

Column 17, line 30; insert a -- * -- before the word "ethyl" at
the beginning of the line. _

Column 17, line 47; insert a -- * -- before the word "ethyl" at
the beginning of the line.

Column 17, line 62; "!NMR" should read -- lH NMR --

Column 17, line 64; "4.24.0" should read -- 4.2-4.0 --

Column 17, line 65; insert a -- * -- before the word "ethyl" at
the beginning of the line.

Column 18, line 12; insert a -- * -- before the word "ethyl" at
the beginning of the line.

Column 18, line 29; insert a -- * -- before the word "ethyl" at
the beginning of the line.

Column 19, line 18; "(DIMSO)," should read -- (DMSO), --

Column 19, line 60; "H,,," should read -- H,., --
Column 20, line 61; "6.23" should read -- 6.32 --
Column 20, line 65; "3.2" should read -- 3.5 --
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It is certified that error appears in the above-indentified patent and that said Letters Patent is hereby
corrected as shown below:

L rr
3

Column 21, approximately line 28; !nl:jj[ﬂtfiwfaﬁ ) _F
are \,-&mfo:

S

should read -~HO. A o . i ;-
@ j**’\ 0
‘R = N .
S ? K/ ~cH 2 s
F
Column 22, line 24; "127" should read -- 1.27 --
Column 22, line 31; "-I," should read -- -1, --

Column 23, approximately line 40; w 5
. ol . " q,\ ) ' .
o™ ° $ \’\\5 ;

should read F
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INVENTOR(S) : Gerald Guillaumet, Gérard Coudert, Valérie Thiery, Gérard Adam, Jean-Guy-

Bizot-Espiard, Bruno Pfeiffer, Pierre Renard
It is certified that error appears in the above-indentified patent and that said Letters Patent is hereby
corrected as shown below:

Column 23, line 54; "8.32" should read -- 8.35 --
Column 23, line 63; "METHYLIPIPER-" should read

-- METHYL]PIPER- --
Column 24, line 56; "1.4-" should read -- 1,4- --
Column 25, line 14; "frown" should read -- from --
Column 25, line 40; "BENZOP" should read -- BENZO --
Column 25, line 55; "'H(CDCl,," should read -- 'H NMR(CDCl,, --
Column 25, .line 57; “HS.6=“ should read -- H;,Js &= --
Column 26, line 24; "-I,4-" should read -- -1,4- --
Column 26, linne 46; "175" should read -- 1175 --
Column 26, line 51; "-I,4-" should read -- -1,4- --

Column 26, line 68; "Hg, Jg &~2.9Hz);8.7" should read
-~ H,Jg =2.9Hz,J¢ ;=8.7Hz) --
Column 27, line 28; "333" should read -- 3 x —
Column 27, line 29; "J,.8.33" should read -- Je =8.33 --

Column 27, line 33; "(=C—-0-)" should read -- (=C—-0-C) --
Column 30, line 57; ",Js.," should read -- ,H;., --
Column 30, line 58; "8.36" should read -- 8.63 --

Column 30, line 60; "6.284," should read -- 6.28(d, --
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INVENTOR(S) : Gérald Guillaumet, Gerard Coudert, Valérie Thiery, Gérard Adam, Jean-Guy-

Bizot-Espiard, Bruno Pfeiffer, Pierre Renard
it is certified that error appears in the above-indentified patent ana that said Letters Patent is hereby
corrected as shown below:

Column 32, line 24; ", ,-" should read -- Jg¢ 2~ =-

Column 32, line 26; ".,Hz);" should read -~ =2 Hz); --

Column 32, line 58; "H, .," should read -- H,., --

Column 32, line 61; "H; .," should read -- Hs., --

Column 33, line 46; the "R" at the bottom of the formula
should read -- F --

Column 34, line 20; "=11.4J,=' should read -- =H,, J,= —-

Column 35, line 36; "{4-UBIS-" should read -- {4-[BIS- --

Column 36, line 57; "-2-14-" should read -- -2-{4- --

Column 37, line 68; "H; ,=" should read -- H;,Js; = -~

Column 41, line 44; "u/ml)" should read -- ug/ml) --
Column 41, line 47; (50 p/ml)." should read -- (50 pyg/ml). --

Column 46: line 21: insert a -- : -- after the word "proviso"
Column 46, line 22; insert a comma "," between "hydrogen" and
] Rg "
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